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XII. An Account of the 'Trigonometrical Operation , whereby the 
JDiftance between the Meridians of the Royal Obfervatories of 
Greenwich and Paris has been determined. . By Major-general 
William Roy, F. R. S. and A. S. 

Read February 25, 1790. 

INTRODUCTION. 

T HE trigonometrical operation which becomes the fubjeCt 
of the prefent Paper, had its commencement, as will 
be remembered, in the meafurement of a bafe on Hounllow- 
Heath in 1784, an account of which w'as given to the Royal 
Society in the following year. 

On the completion of that firft part of the bufinefs, it was 
little expected, that nearly three full years would have elapfed 
before, even in this country, an inftrument could be obtained: 
for taking the angles ! 

In the fpring of 1787, there were indeed appearances, that 
Mr. Ramsden would have enabled us to embrace the early 
part of the feafon, by proceeding with the execution of the 
main defign; and therefore Sir Joseph Banks had opened 
(through the official intercourfe of his Majefty’s Secretary of 
State, the Marquis of Carmarthen, with the Ambaflador 
at the Court of France) a correlpondence with the Academy of 
Sciences, regarding the co-operation expected on their part, 
for connecting the triangles which we were now preparing to 
2 extend 
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extend along the Englilh coaft, with thofe formerly executed 
on' the coaft of France, oppofite to Dover. And Dr. Blag- 
den (who for this purpofe confented to lay afide his intention 
of making a tour through Germany that fummer) had engaged 
to aflift in the bufinefs, on the appointment of the Royal So¬ 
ciety, whenever we thou Id be enabled to affign any probable 
time, for the different parties to repair to their refpedtive coafts, 
for the aforefaid co-operation. 

About the ,fame time likewife, a Paper was laid before the 
Royal Society, intended as a Iketch of the mode propoled to 
be followed in carrying the fcheme into execution ; for which 
purpofe it was accompanied" with a general map, (hewing 
nearly the difpofition of the triangles, and containing alfo va¬ 
rious inveftigations concerning the figure of the earth, whereon, 
it is hoped, the refult of the prefent operation will throw fome 
additional light. 

For feveral months of the fpring and fummer of 1787, Mr. 
Ramsden had been ferioufly at work in endeavouring to finilh 
the inftrument. Not having employed a fufiicient number of 
workmen upon it at the outfet, it was now evident, that he 
had even deceived himfelf, by leaving too much to be done at 
the latter end. At length, however, the inftrument was pro¬ 
duced, and placed on the 31ft of July at the ftation near 
Hampton Poor-houfe, on the very lpot where, about thirty- 
five months before, the meafurement of the bafe had been 
compleated. 

By commencing an operation of this nature, at fo advanced 
a feafon of the year, it was fufficiently obvious, that only very 
faint hopes could be entertained of bringing it to a conclufion 
before the bad weather would fet in. But it being of much 
importance to get the triangles, which extend acrofs the 
3 Channel, 
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Channel, at all events executed, it was therefore propofed to 
Comte de Cassini, who by this time had been appointed by the 
Academy of Sciences to fuperintend their part of the bufinefs, 
that he fliould fix the time that might fuit him bell f^r our 
meeting on the coafi;; that we would then difcontinue the ope¬ 
ration to the weftward, and, having in concert executed the 
coafi: triangles, we would refume the inland parts of our own 
feries at fome more convenient opportunity. 

This propofition being readily acceded to by Comte de 
Cassini, the 20th of September was appointed for our re¬ 
pairing to the coafts of Dover and Calais refpedtively. 

In the mean time our operation was continued, with all ima¬ 
ginable care and affiduity, through the firft ten ftations of 
the furies of triangles from Hampton Poor-houfe to that at 
Wrotham Hill inclufively. 

The inftrument, and the various parts of the apparatus, 
were then removed to Dover, at which place Meff. de Cassini, 
Mechain, and ee Gendre, three diftinguifhed Members of 
the Academy of Sciences, arrived on the 23d of September. 

In the courfe of two days that thefe Gentlemen honoured us 
with their company at Dover (and we regretted exceedingly 
that the latenefs of the feafon did not admit of our enjoying 
that pleafure for a much longer period) every thing was fettled 
in the mod: amicable manner poffible, with regard to the times 
of reciprocal obfervation. 

A great number of white lights, fitted for long diftances, 
and leveral reverberatory lamps had been previoufly provided. 
Having been fupplied with fuch a proportion of the lights as 
feemed neeeflary for their fide o^ the channel, and one of the 
lamps, the French Gentlemen departed for Calais on the 25th, 
accompanied by Dr. Blagden, who attended them during the 
Vol. LXXX. Q ^ 
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time of the co-operation, until it was finally clofed on the 17th 
of October. 

For the greater part of the time, the weather was extremely 
bad ; neverthelefs, on the particular nights when the mo.ft im¬ 
portant obfervations on our fide were made, namely, thofe at 
Dover and Fairlight Down, the nights happened very fortu¬ 
nately to be favourable, fo as to enable us to mterfect, with- 
great accuracy, the two diftant points on the French coafl: of 
j Blancnez and Montlambert and thereby to eftabiifh for ever, 
the triangular connexion between the two countries. 

The Duke of Richmond, Matter General of his Majefiy’s 
Ordnance, had, in the tnoft liberal manner poffible, given 
every affiftance to the operation (from that, great department 
over which he prefides with fo much honour to himfelf and 
advantage to the publick) by furntttfing an officer and a de¬ 
tachment of artillery-men for the work; ordering the laboratory 
at Woolwich -f- to fupply whatever fire-works might be wanted 
for fignals 1 and temporary fcaffolds to be erected at Greenwich 
Obfervatory, Shooter’s Hill, and Dover Cattle, for the reception 
of the inftrument. But what was ftill of more importance than 
any of thefe, his Grace had permitted Lieut. Fiddes (one of the 
engineers on the furvey then under my direction) to be em¬ 
ployed, in the fummers of 1786 and 1787, in making a very 
accurate plan of that part of Romney Marffi where the bale 
of verification was to be meafured. In a country fo much in¬ 
terfered by ditches, and where there were fo many ponds of 
water to be avoided, without fuch a plan railed beforehand, 

* The name of this hill is vulgarly pronounced Boulmhcrg , and it is even 
written in the lame manner in the book, La Meridienne verifies. 

f Major Congreve, of the Royal Artillery, had the management of the lights 
at Shooter’s Hill j and his affiftance was found to be moft elfentially ufefn). 

an 
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an operation of fo delicate and difficult a nature could not have 
been eff^dled. 

The apparatus for the meafurement of the bafe with the fteel 
chain, notwithftanding the urgency of the cafe, was not fent 
to its deftination until the end of the fir ft week of Odtober. To 
Lieut. Fiddes the engineer. Was then joined Lieut. Beyce of 
the Royal Artillery ; and it was not before the beginning of 
December, that thefe two gentlemen, with the moft unrerrfit- 
ting labour and perfeverance, were able to accompliffi the mea¬ 
furement, as will be feen in the detailed account of that ope¬ 
ration given in the firft fedtion of this Paper. 

In finiffiing the co-operation with the French Commiffioners, 
at Lydd on the 17th of October, our inftrument had now 
paffed through fixteen ftations out of twenty-three. Thereof 
courfe remained yet feven ftations where it was to be placed, 
and obfervations to be made. Eagerly wilhing to bring the buft- 
nefs to a conclufion, we ftruggled on through five of the feven. 
But the weather at length became fo tempeftuous, that it was 
utterly impoffible to continue it, with any hopes of being able 
to make fatisfadlory obfervations. Perched on the tops of high 
fteeples, fuch as Lydd and Tenterden, or on heights, fuch as 
Hollingborn Hill, we fufficiently experienced, that operations 
of this fort, where the moft important obfervations could only 
be made at night, by means of the white lights, ffiould never 
be undertaken in the latter feafon. 

On the fecond of November, the inftrument was accord- 
ingly removed from the top of Hollingborn Hill, and lent to 
town, leaving the ftations on Goudhurft and Frant Churches, 
both likewife fituated oil eminences, unoccupied until the en- 
fuing feafon. 

Q, 3 The 
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The winter months were employed in calculating the ob¬ 
fervations that had been made; and from thefe we were 
very well enabled to judge to what a degree of accuracy we had 
arrived in determining the fides and angles: for Frant and 
Goudhurft, having been interfered from Botley Hill, Wro- 
tham Hill, and Hollingborn Hill; Goudhurft having been ob- 
ferved from Tenterden, and Frant having (contrary to out 
expectation) been feen and obferved from Fairlight Down, we 
had thereby the certain means of determining very nearly 
what difference there would be between the meafured and 
computed length of either bale as given by the other, although 
obfervations had not been made at the two intermediate ftations 
of Goudhurft and Frant. This difference, it was feen, would 
fcarcely amount to one foot, or about T - S 4 ^_th P art of the 
whole diftance. In as far, therefore, as the refults, of the 
plane triangles were concerned, we might have proceeded with 
the computations, and drawn the confequent conclufions, 
without hefitation, or any rifle of fenfible error. 

But, befides that it might ftill have been faid that the in- 
ftrument had not been placed at thefe two ftations, there were 
reafons of a different kind, which rendered it in fome degree 
neceffary to place the inftrument not only at Goudhurft and 
Frant, but alfo at Botley Hill and Folkftone Turnpike, where 
it had formerly flood. 

In 1787, when at the ftation of St. Ann’s Hill, in a very 
high wind, the box containing the axis level was blown from 
the fcaffold, and unluckily broken. Mr. Ramsden replaced it 
with one not fo good as the firft; and it was with this fecond 
level that the obfervations of the pole ftar had been made at 
Dover Caftle. This caftle, although lofty, and fituated on a 
high chalk cliff, that raifes its northern turret about 466 feet 
3 above 
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above low water at fpring tides, is neverthelefs furrou tided on 
the land fide with eminences, at the diftance of fix or feven 
miles, ftill higher than itfelf. From this circumftance we 
found it impoffible to connedt it with the great triangles to the 
weft ward, other wife than by a fliort fide. It was therefore 
fufficiently obvious, that it would be eligible to make obferva- 
tions of the pole ftar for determining the difference of lon¬ 
gitude, and the convergence of the meridians, at fome other 
intermediate ftations between Greenwich and Dover, from 
whence our longeft fides could be diftin&ly feen. For this 
purpofe none feemed fo proper as Botley Hill, Goudhurft, and 
Folkftone Turnpike. The firft of thefe three is only 1711 feet 
eaftward from the meridian of Greenwich, Goudhurft is about 
23 miles fouth-eaftward from the former, and Folkftone Turn¬ 
pike, the ftation neareft to Dover,, is fo fituated, that from it 
can be feen the end of the bafe of verification at High Nook, 
Fairlight Down, and other diftant ftations. 

With this object in view, whereon fo much depended, we 
had again the mortification to be thrown into the latter feafon 
of 1788. 

Befides a better level for the axis of the telefcope, the mi- 
crofcope B wanted to be better fuppgrted. Another fort of 
clamp, alfb an eye-piece, with a diagonal prifm for obferva- 
tions near the zenith, or for thofe of the pole ftar in high 
latitudes, were neceffary improvements, which might have 
been executed in a fhort fpace of time. With thefe altera¬ 
tions the inftrument was at laft returned, but fo late, that it 
could not be placed on Goudhurft- Steeple till the 9th of. Au- 
guft, 1788. 

The obfervations at. Goudhurft, Frant, Botley Hilli and 
Folkftone Turnpike, having been finifhed early in September, 

the 
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the inflrument was brought back to town, in the neighbour¬ 
hood of which it was employed for three days for the follow¬ 
ing purpofe. 

In 1787, when at the Rations of Hundred Acres, Norwood, 
Greenwich, and Shooter’s Hill, we had only been able to de¬ 
termine, in a fatisfadtory manner, two points within the limits 
of the Capital, namely, St. Paul’s Church and Argyll Street, 
the laR by means of the white lights. Bearings of fome 
others, it is true, were obtained; but, in order that thefe 
might be interfered in the bell manner, it became necefiary 
to place the inflrument at one or more Rations to the north¬ 
ward of the town. 

With the view, therefore, of laying the foundation hereafter 
for a much more accurate plan of London than could poflibly 
be obtained in any other way, the inftrument was placed, firfl, 
at Hornfey Hill, to the eaftward of Highgate ; and, lecondly, 
on Primrofe Hill, between London and Hampftead. 

Although the weather was rather unfavourable at the time 
of making the obfervations from thefe two new Rations; and 
that the fmoke conRantly hanging over the town in the latter 
feafon impeded us greatly; neverthelefs, the former bearings 
were ■ interfered, and the fituations of a confiderable number 
of remarkable Reeples within London and its environs, were 
accurately determined, as will more fully appear in treating of 
the fecondary triangles. 

Having thus briefly Ihewn the order with regard to time in 
which the recent operation, through its various Reps, was 
progreftlvely carried on and compleated, it is proper that I 
Ihouid mention, that Mr. Dalby, who had been recom¬ 
mended as an affiRant, has acquitted himfelf throughout the 
whole perfectly to my fatisfaftion, as a diligent and accurate 

5 obferver, 
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obferver, as well as an able and indefatigable calculator. This 
teftimony, which is juflly due to his merit, joined to the fpe- 
cimen which he gives of his mathematical abilities in the fifth 
fedtion of this Paper, can fcarcely fail of making him better 
known hereafter j aud it is hoped, that he will have opportu¬ 
nities of exerting his talents, by aflifling in the continuation of 
the future operations that are projected and recommended to 
be carried on in the conclufion of this Memoir; the various 
parts of which are arranged as follows: 

Section Firft. 

Defcription of the apparatus made ufe of in the meafure- 
ment of the bafe of verification in Romney Marlh, with the 
hundred-feet Reel chain, in the autumn of 1787, with the refult 
of that operation. Reference to be had to Plate I. and II., and 
alfo to the table containing the general detail of the mea- 
fu cement. 


Section Second. 

General defcription of the great inflrument with which the 
angles in the recent trigonometrical operation were obferved; 
f he wing alfo its various adjuftments for practice. Reference to 
be had to Plate III. a general view of the entire machine; 
Plate IV. a plan and two lections of it; Plate V. various parts 
reprelented on large feales; and Plate' VI. tire microfcopes and 
eye pieces. 

Section 'Third. 

Defcription of various articles of machinery made ufe of in 
the courfe of the trigonometrical operation, referred to in Plate 
Vil. Alfo the dillinction of the Rations into two lets; thole 
of the fecond let being referred to in Plate Vll'I. 


Section 
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SeSlion Fourth. 

Calculation of the feries of triangles extending from Wind- 
for to Dunkirk, whereby the geodetical diffance between the 
meridians of the Royal Obfervatories of Greenwich and Paris 
is determined. Reference to be had to Plate IX. 

SeSlion Fifth. 

On the difference between horizontal angles on a fphere and 
ipheroid. Plate X. 

SeSlion Sixth. 

Manner of determining the latitudes of the Rations. Ap¬ 
plication of the pole ftar obfervations to computations on dif¬ 
ferent fpheres, and alio on M. Bouguer’s fpheroid, for the 
determination of the difference of longitude. Ultimate refult 
of the trigonometrical operation, whereby the difference of the 
meridians of the Royal Obfervatories of Greenwich and Paris 
is determined. Plate X. 

SeSlion Seventh. 

An account of the obfervations made during the courfe of 
the trigonometrical operation for the determination of terreftrial 
refra&ion. Plate X. 

SeSlion Eighth , 

Secondary triangles, fubdivided into two fets, for the im¬ 
provement of the maps of the country, and the plan of the 
City of London and its environs. Plate XI. 

Conclufon , 

Containing Proportions for extending trigonometrical opera¬ 
tions over Great Britain. 


SEC- 
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SECTION FIRS T. 

Defcription of the apparatus made ufe of in the meafurement of 
the bafe of verification in Romney Marjh, with the hundred- 
feet fie el chain, in the autumn of 1787, with the refult of that 
operation. Reference to be had to Plates I. and II.; and alfo 
to the table containing the general detail of the meafurement. 


Article I. Preamble , 

IN the account of the meafurement of the bafe on Houn- 
llow Heath in 1784, which appeared in the Philofophical 
Tranfa&ions of the fubfequent year, we had occaficn to fhew, 
how very accurately diftances might be determined by the fleet 
chain, when applied in the ordinary way on the natural fur- 
face of the ground, if that furface happened to be tolerably 
lmooth, which was the cafe in the inflance alluded to. By the 
companion of the meafurement of a length of one thoufand 
feet with the glafs rods, and with the chain when ufed with 
an apparatus adapted to the purpofe, it further appeared, that 
the difference between the refults was fo very fmall as fcarcely 
to be difcernible, fince it would not have exceeded half an inch 
on the whole length of that bafe of 27404.7 feet. 

Having always confidered the experiment on Hounflow 
Heath, juft now mentioned, as pofitive proof of the excel¬ 
lency of the chain, it had been refolved on to apply it to the 
menfuration of the bafe of verification in Romney Marfh, even 
if no other reafons had exifted to make that choice eligible. 
Vol. LXXX. R But 
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But befides the danger of having the glafs rods broken, ill 
tranfporting to fo great a didance from London, and, on fuch 
an event happening, the impoflibility of getting them replaced 
with others at the advanced feafon of the year in which we 
were unfortunately thrown with the operation, it was obvious, 
that in, a plain of the breadth of fix miles, fo much inter¬ 
fered with ditches full of water as Romney Marfli in reality 
is, the laying of bridges for the tripod {lands, which mull have 
been ufed with the glafs rods, would alone have been a very 
troublefome and tedious operation. 

Art. II. Beech Pojts. 

In the fir ft place, about thirty polls made of beech wood, 
three inches in diameter, and of different lengths, from two 
feet three inches to three feet fix, and a few of them ftill longer, 
were provided. They were {hod with iron, and each of them 
carried on its top a caft-iron ferrule, with two dovetails project¬ 
ing from it; care being taken in driving them into the ground, 
that the dovetails Ihould Hand in or nearly in the direction 
of the bafe, as reprefented by the plan and feftion of a fingle 
poll, in the middle part of Plate I. The arrangement of 
twenty-four of thefe polls may be feen at the top of the faid 
plate, for the meafurement of a portion of the bafe equal to 
one hundred yards, or the length of three chains. Sixteen of 
the polls reckoning from that which Hands in the center of 
the firft group, to that which Hands in the center of the fe- 
cond, and fo on from right to left, were placed at the diflance 
of twenty feet from each other. The firft is fuppofed to co-in- 
cide with the mouth of the pipe funk into the earth, at the 
eaftern extremity of the bafe, at a place called High Nook 
near Dymchurch ; and every fifth poft from that towards the 

left 
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left marks the end of a chain. The other eight pofts in the 
arrangement, that is to fay, the right and left pofts of each of 
the four groups, are fuppofed to ftand twelve or fifteen inches 
from thofe in the center. By referring to the elevation near 
the top, and the plans and fe£tion in the middle part of Plate 
I. it will be perceived, that thefe pofts, together with certain 
other iron parts of the apparatus fixed to them, hereafter to be 
defcribed, fupport the ends of the coffering for each chain, 
free and independently of the central pofts, to which laft the 
brafs fcales alone are attached. 

Art. III. Deal Coffers. 

Fifteen deal coffers, numbered from one to fifteen, were 
neceflary for the length of three chains, being five to each. 
Six of them, that is to fay, the firft and fifth, the fixth and 
tenth, the eleventh and fifteenth, being the firft and laft of 
each chain, were only nineteen feet four or five inches in length. 
The other nine, being the three in the middle of each chain, 
were of the complete length of twenty feet. Thefe coffers 
perfectly refembled in fhape, and nearly in dimenfions, the 
cafes of the glafs rods, being ten inches broad in the middle, 
^nd uniformly of that depth throughout their whole, length. 
But from the middle they became gradually narrower, in a 
curvilinear manner, towards each end, where they were only 
two inches wide. The two cheeks or fides were about half an 
inch thick, and the bottom, which entered into a fhallow 
groove in the middle of the cheeks, was an inch in thicknefs. 
Thus the cheeks being thin, bent and applied eafily to the 
bottom, to which they were firmly nailed, and the whole was 
fortified by fmall blocks of wood faftened at intervals in the 
infide, fometimes above and fometimes below the bottom. 

R 2 From 
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From the elevation it will be perceived, that nine or ten inches 
of the under extremities of the cheeks were cut off, fo as to 
permit the bottom itfelf to reft on the irons. This conliruc- 
tion of the coffers was found to anfwer very well, that is to 
fay, they were, confidering their length; not fo heavy as to 
be unmanageable, at the fame time that by their general figure, 
and particularly the depth of the cheeks, they were entirely 
prevented from warping. 

la addition to the fifteen coffers, juft now deferibed, a fif¬ 
teenth, not reprefented in the plate, was afterwards prepared 
at Hythe by Lieut. Fiddes, to be ufed occafionally, when the 
end of one chain, and commencement of another, co-incided 
with a deep ditch or one of the fewers full of water, and 
where of courfe it would have been bxtremely difficult, if not 
impoffible, to have fixed fteadily the group of three polls in 
the ufual manner. In this coffer there was a double or falfe 
bottom, with grooves adapted for the purpofe; and the brafs 
fcale, pulley, &c. were removed from the irons, and placed on 
this bottom. 

Art. IV. Apparatus of caf iron, i£c. for the ends of the Chain. 

By referring to the plate, where the feveral parts of the ap¬ 
paratus for the extremities of the chain are reprefented in plan 
and fedtion, by a fcale equal to one-fourth of their real dimen- 
iions, it will appear, that the call-iron pieces were of two dif¬ 
ferent forms, one long, and the other lhort; but both applied 
in the fame manner, on the ferrules binding the tops of the 
polls, as has been already mentioned. Of the long kind there 
were in all fifteen or fixteen, that is to fay, one for each poll 
in a length of three chains. Each iron had two clamps on . its 
5 under 
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under fide, which being flackened, it was placed on its ferrule 
at right angles to the line of meafurement; and being turned 
round 90°, the dovetails of the ferrule, Handing originally in 
the direction of the bafe, came within the clamps, which were 
then tightened by four fcrews, turned with fquare keys adapted 
to the purpofe. 

It is fufficiently obvious, that fo many irons, with fuch a 
number of fcrews to each, could not fail of rendering this 
operation tedious ! The bufinefs would have been greatly expe¬ 
dited if there had been only two fuch fcrews, one on each end, 
in a middle fituation ; and, infiead of the four fcrews, there 
fhould have been four Heady pins, entering eafiiy into holes 
prepared for them in the under fide. A (hort groove, of two 
or three inches in length, in each extremity of the bottom, 
would, on this fuppofition, have been neceflary to fuffer the 
fquare heads of the fcrews to pafs; and it will be readily con¬ 
ceived, that the thicknefs of the bottom would have effectually 
fecured the chain from touching them, prevented the mutila¬ 
tion of its handles, and faved .much lofs of time. Indeed the 
fame purpofe might have been effected, but not fo advantage- 
oufly, by laying the original four fcrews lower in the iron, 
which its thicknefs eafiiy admitted of. Finally, iti order to 
avoid fuch like inconveniencies in future, there is Hill one im¬ 
perfection more, which it is incumbent on me to remark, 
namely, that caff-iron ferrules will not anfwer; for the force 
that was found to be neceflary to drive the polls into the 
ground, burft almoff the whole of them, fo that before the 
operation was compleated, they were obliged to be replaced 
with others made of hammered iron, forged for the purpofe. 

Of the fhort irons only three were neceflary, one for each 
end of the chain, and a fpare one in cafe of accident. They 

were 
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were placed, turned, and clamped on the ferrules, in all re- 
fpe&s fimilarly with thofe of the long kind. By infpe&ion of 
the plate it will be feen, that each of them carried on its fur- 
face a brafs fcale of fix inches in length, divided into inches and 
quarters, and moveable in a Ride, either backwards or for¬ 
wards, by a finger-fcrew adapted to the right-hand end. 

The right-hand poll of each group is called the drawing - 
pofl, becaufe the iron fixed on its top carries a fmall apparatus 
of brafs, which being connected with the flat iron rod and 
hooks formerly ufed at Hounflow Heath, for a like purpofe, 
lays hold of the rear handle of the chain, and draws it back 
until zero co-incides with the point of commencement. The 
left-hand poll: in each group is called the weight-poji, becaufe 
it carried a brafs pulley, over which a weight of 28 lbs. was 
hung by a fmall rope attached to the hooks that laid hold of 
the front handle of the chain. This weight ailing againfl 
the force of the fcrew at the other end, the chain was thereby 
kept perfectly ftraight in the coffers, and conftantly in the fame 
degree of tenfion, until fome certain divifion (the neareft for 
inflance) of the fcale could be brought, by means of the fcrew, 
accurately to coincide with 100 feet at the front end. That 
divifion, whatever it might be, was of courfe regiftered in the 
field book of the operation, together with the true temperature 
of the chain, as fhewn by five thermometers, one being laid 
for that purpofe in each coffer, and fecured with white cloth 
from the fun’s rays, as occafion might require. 

Fifteen coffers were always arranged on the ground at the 
fame time, comprehending a fpace of the bafe equal to the 
length of three chains or 100 yards. The extremities of the 
firfl chain having been accurately transferred, in the manner 
above mentioned, to the brafs fcales on the tops of the central 
2 polls, 
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pods, and thefe remaining firm and motionlefs, as being 
wholly unconnected with any other parts of the apparatus, 
the chain was then moved forward into the fecond fet of cof¬ 
fers, where the thermometers were alfo placed. In the mean 
time, the fir ft fet of coffers now vacated, with their pofts, &c. 
were carried on and arranged in the front, for the meafure- 
ment of the fecond 100 feet; and fa on continually with the 
others in fucceflion. 

Art. V. Of the furvey of Romney Marjh previoujly to the- 
meafurement of the Bafe. 

In the introduction to this Paper it has been mentioned, that 
the Duke of Richmond had permitted Lieut. Fiddes, of 
the Royal Engineers, to be employed in 1786 and 1787 in 
railing a plan of that part of the Marfh where, on examina¬ 
tion, it fhould be found, that the bafe of verification might 
be the beft executed. In juftice to that officer, I confider it as 
incumbent on me to fay, that it was impoflible for any perfon 
to fulfil the duties entrufted to him better than he did, either 
in the courfte of the furvey, or fubfequent meafurement of the 
bafe, whereof he alfo had the direction. The general inftruc- 
tions given to him were, that after having by a bafe of his 
own determined certain triangles in the neighbourhood of 
Dymchurch, Ruckinge, and Romney, by way of foundation 
for his work, he fhould preferve Ruckinge as the point whereon 
the allignement of the great bafe was to be directed, and vary 
the petition of that end next the fea*wall in fuch a manner as 
to meet with the feweft. local obftruCtions to the meafurement 
between the two extremities. By infpeCtion of the plan Plate 
II. which comprehends a traCl of country of two miles in 
breadth, one on each fide of the bafe line, it will be perceived, 

than 
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that befides the numberlefs ditches with which this fingular 
plain is interfered, and which it was impoffible to avoid crof- 
fing, there is almoft in every field a watering pond for the 
cattle, many of them of confiderable depth. Neverthelefs, fo 
very attentive had Mr. Fiddes been to the accuracy of his 
furvey, that he was enabled, after feverai trials of other di¬ 
rections, to run a line from High Nook on Dymchurch Sea¬ 
wall, upon thefmall fpire of Ruckinge Church, of the length 
of nearly fix miles, without interfering with any one of the : 
watering ponds, or meeting with any other local obfiruCtion of 
confequence. So very minute was he in his remarks, and fo 
accurate in the fituation of particular trees, that in tracing his 
line with the telefcope, he managed fo as to avoid them all, a 
few infignificant bullies excepted; which I believe to be an 
inftance of exaCtnefs fcarcely to be equalled. 

Art. VI. Pipes funk in the ground. 

Permiffion having previoully been obtained from the pro¬ 
prietors of the foil, pipes were funk into the ground at the 
two extremities of the bafe, and alfo one on Allington Knoll, 
which laft point with Lydd Church * form that fide of one 
of the great triangles depending on the bafe on Hounflow 

* It will be perceived, that feveral of the names of places differ in their 
orthography, from that whereby they were expreifed in the plan of the intended 
triangles given in the Paper of 1787* This has been done, on procuring better 
information in that reipedt than had formerly been obtained. Mr, Cobb, of 
Lydd, an ingenious gentleman, well acquainted with Romney Marfh, was fo 
obliging as to prefent me with a manufeript map of that lingular plain, com¬ 
piled by himfelf from actual furveys, where the names and boundaries of the 
waterings, and many other curious particulars, are very diflindtly expreifed.— 
Our plan . of the bafe has therefore derived advantage by adhering to fucli 
refpedla-ble authority. 


Heath, 
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Heath, to be firft verified by the meafurement of this new 
bafe. Every field is furrounded with a ditch, in cleaning of 
which the earth and mud are continually thrown out on each 
fide, whereby flat dykes are gradually formed on either fide. 
That the meafurement might be carried on as nearly as poffible 
in the fame plane, that is to fay, about fifteen or eighteen 
inches above the common furface, therefore, narrow grooves 
were cut in thefe flat dykes, which the different farmers rea¬ 
dily confented to without murmuring. Here it is to be ob- 
ferved, that there was no occafion for levelling the line, Rom¬ 
ney Marfh having been formerly covered by the fea, and a 
confiderable part of it, particularly towards the bottom of the 
range ,of hills that feparate it from the Wealds of Kent, being 
Rill lower than the fea at high water, would again be over¬ 
flowed by it, if much care and expence were not annually be¬ 
llowed in fecuring and repairing the dykes, whereby it is pro- 
te&ed. Thus the line of the bafe may be confidered as an 
inclined plane, defcending gradually about five feet from the 
mouth of High Nook pipe to within 246 yards of the Ruckinge 
end, where the ground in that direction feems to be the loweft. 
Thence it rifes comparatively fuddenly, about fifteen feet, to 
the mouth of the pipe fituated in a fmall field immediately 
adjoining to Ruckinge Church-yard. 

Art. VII. Refult of the meafurement. 

Lieut. Fiddes, in the courfe of his trigonometrical fur- 
vey, and of the different meafurements he had actually 
made of the line with a common iron t chain, which from 
time to time was compared with ftandard rods of deal, had 
determined the total length of the bafe within a few feet 
of the truth, before the ultimate operation began. He 
had likewife driven into the ground, at the end of every 
Vos.. LXXX. S thoufand 
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thoufand feet, a ftrong picket, which were numbered i, 2, 3, 
&c. from the pipe at High Nook to the 28th near Ruckinge. 
In all this preparatory part of the bufinefs he had no other 
afiiftants than the artillery-men of his furveying party. But 
for the ultimate determination, it being abfolutely neceffary 
that he fhould have the aid of fome perfon in whom he could 
confide for the management of the operation in general, and 
particularly for the adjuftment of the fcale at one end of the 
chain, while he himfelf was adjufting that at the other; there¬ 
fore Lieut. Bryce, of the Royal Artillery (now of the Corps 
of Royal Engineers), an attentive officer and excellent ma¬ 
thematician, was left with him for thofe eflential purpofes. 
Thefe two gentlemen began the operation on the 15th of 
October, and, after experiencing many difficulties arifing from 
the badnefs of the weather in that late feafon of the year, and 
the defeCtivenefs of the apparatus, it was only by dint of great 
labour, and the utmoft perfeverance, that they were enabled to 
accomplifh the meafurement on the 4th of December fol¬ 
lowing. 

The annexed general table of the bafe, which contains five 
columns, fhews the progrefs that was made in the work from 
day to day. The firft column contains the date; the fecond, 
the fpaces meafured each day, reckoned by hundreds of yards, 
and denoted in the general plan by ftrong dots; the third 
fhews the temperature of the chain deduced from the mean of 
fifteen thermometers, five for each chain ; the fourth exprefles 
the difference of temperature above or below 62° of Fahren¬ 
heit; and the fifth fhews the correction anfwering to that 
difference, additive to the apparent length with the fign -f-. r 
and fubtra&ive from it with the fign —. 

2 


From 
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Feet. 

From infpeCtion of the table it will appear, 
that the total apparent length of the bafe, as 
given direCtly by thefteel chain, was 9512 -P-PP 4 -* 
yards; which are equal to 28536 

But when the new points, at the diftance of 
twenty-five feet from each other, were laid off 
on the chain in Mr. Ramsden’s (hop from the 
original points on the great plank of New-Eng- 
land deal, the temperature was 5 5% that is, J a 
below 62°; wherefore the contraction of the 
chain by i° of Fahrenheit being=0.00763 in. 
this x 7 0 x 285.37 chains =z 15.242 in. is the 
reduction for the total contraction below 62°, 
to be taken from the apparent length; which are 
equal to - - - - I . 

The apparent length is likewife to be leffened 
by the excefs of the corrections with the fign — 
above thofe with the fign 4- in the annexed table; 
becaufe the temperature of the chain, when ac¬ 
tually applied to the meafurement, being fo much 
below 62°, the apparent length became thereby 
too great by 30.65 inches, which are equal to 2 , 

To be deducted alfo from the apparent length, 
the reduction on two hypothenufal diftances, 
meafured at the Ruckinge extremity of the bafe, 
which is fuddenly elevated above the loweftpart 
fifteen feet, amounting to - - o. 

The fumof thefe three reductions, to be taken 
from the apparent length, amounts to - 4 • 

S 2 


131 
In. Pts. 


• 8 - 8 35 


3.241 


6.65 


3.023 


0.915 

And 
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Feet. In. Pts. 

And confequently there remains for the 
length - - - 28532. 7*92 

But when the chain was adjufted in Mr. 

Ramsden’s (hop, as above-mentioned, the tem¬ 
perature was 55 0 . Being then carried into St. 

James’s Church-yard, its length was laid off on 
brafs pins inferted into the Bone coping of the 
church-yard wall, for the purpofe of compan¬ 
ion on any future occafion, at which time the 
temperature had changed to 55°^. After the 
meafurement in Romney Marlh had beenfinilhed, 
the chain in the temperature of 39% being 
ffretched out on the wall, its length was found 
to fall Ihort of the original points on the brafs 
pins -rCV-j- of an inch. Now, SS°‘S ~ 39 ° = 1 6°. 5, 
and 16°.5 x 0.00763 = 0.126 in.; hence 0.126 
— yyL—0.023 in. is the fpace which the chain 
had only lengthened during an operation which 
continued above lix weeks; and one-half of this 
lpace, viz. 0.0115 multiplied by 285.37 chains 
is = 3.282 in., the correction to be added to the 
apparent length for the wear of the chain during 
the operation > - - - +0. 3.282 

Whence the length becomes - 28532.11.202 

Laffly, the bafe is to be Ihortened for its 
height of 15! feet above the, mean level of the 
lea, fuppofed to be 6 feet 8 inches above low- 
water Ipring tides at High Nook, which gives 
for the reduction » - - —o. 0.166 


And 
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Feet. In. Pts. 

And hence there remains for the ultimate or 
true length of the bafe of verification, in the 
temperature of 62° of Fahrenheit’s thermo¬ 
meter, being the heat to which that on Houn- 
flow Heath was reduced, - - 28532. 11.036 

Which make 28532.92 feet. 

Art. VIII . Remarks on the comparative accuracy of the two 

bafes . 

With regard to the accuracy of the meafurement of this 
bafe, compared with that executed on Hounflow Heath in 1784, 
from the infinite pains and care bellowed in both operations, 
it is very difficult to fay, to which the preference Ihould be 
given. The expanfion of glafs being fo much lefs than that of 
fleel, if manageable glafs rods of equal length with the chain 
could have been obtained; then, as far as that fingle circum- 
llance might have affe&ed the refult, a meafurement made with 
fuch glafs rods would undoubtedly have deferved the pre¬ 
ference to one with the heel chain. But when it is confidered, 
that the expanfion of heel was determined by the pyrometer 
with the fame care as that of glafs; that the wear of the chain 
is fo very fmall, as we have fhewn it to be, in fix weeks ule; 
that coffers were laid for it, and its length transferred by means 
of the brafs fcales to the'tops of immovable pohs; that, in the. 
prefent cafe, there was but one-fifth part of the error arifing 
from faulty co-incidences as with the twenty-feet glafs rods t 
on this view of the matter, the preference feems to be due to 
the meafurement by the heel chain, fuppofing always the 
error in excefs, caufed by the deviation from the allignement 
horizontally or vertically, to have affe&ed both equally. 


As 
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As a proof that the expanfion of the chain was accurately 
determined, I lhall clofe this fedtion with a remark repeatedly 
made by the two gentlemen entrufted with the execution of 
this laft meafurement. At the clofe of each day’s work, the 
two fcales marking the extremities of the laft chain (after re- 
giftering the divifions of co-incidence) were left upon their 
refpedtive pofts until the next morning. They were fecured 
during the night, from being difturbed by cattle, with a cer¬ 
tain number of the fpare pofts driven into the ground around 
them. A tent was alfo pitched between the two, where fome 
men of the party conftantly lay, by way of a guard for the 
whole apparatus. On the recommencement of the operation 
the fubfequent morning, the chain being applied anew to the 
brafs fcales ; if the temperature continued the fame, the co-in¬ 
cidences were found to be equally accurate as on the preceding 
night; but if it had changed one or two degrees, the chain 
never failed unequivocally to Ihew it, by falling (hort of the 
divifions on the fcales, if the cold had increafed, or by over¬ 
reaching them if it had diminifhed. 

Finally, with refpedt to the fubjedt of thefe bafes, it is here 
to be remarked, that the bafe of verification in Romney Marlh 
makes with the meridian of the pipe at High Nook an angle 
of 54 0 28'' 56 "i north-weftward; and that on Hounflow 
Heath makes with the meridian of the pipe at Hampton Poor- 
houle an angle of 44 0 41' 49", alfo north-weftward. 


General 
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to be 95 i2 T ” + tr Yards, and the true, or corrected Length ii 


Spaces Temperature. Correction spaces 

neafured._ —.— .. . f° r the Days. meai - ure ^‘ 

Mean by diff. difference. 
r ards. ^Therm. from 62°. Yards. 


Correction 
for the 


o 

— 7-3 o. 

+ 0.7 +0.1 

— 0.7 o,< 

— 5.0 o. 

— 9.8 o. 

— 8.4 o. 
-15.2 o. 

— 2.1 O. 

— 8.1 o. 

— 6.7 o. 

— 6.3 O. 

— 12.0 O. 

— 6.8 o. 

— 2.9 o. 

— 2.0 O. 

— 2.9 0. 

+ 1.140: 
+ 6.1 +0. 

— 4.1 o. 

— 1.2 o. 


Parts. Oft. 
>.16710 
1.01602 
1.01602 
». 1 1445 3° 
>.22432 
>.19228 31 

•-34793 t 
1.07096 Nov. 
>.18541 1 

>-i533 6 
>.14421 
>. 27468 2 

>.i55 6 5 

>.06638 

>.04578 


,06638 

02518 

•13963 

.09385 

.02747 


Temperature. 

Mean by diff. 
i5Therm. from 62° 


+ 3 -° 

+ 2.1 

- 5*3 


Correction 
for the 
difference. 


Spaces 
meafured.. 


•2.16540! 


In. Parts. Nov. 

+ 0.06867 

+ 0.04807 ?o 
0.12132 
0.07554 
0.05722 12 
0.10758 
0.16939; 13 
0.18541 
0.29757 
0.18312 14 
0.25408 
0.29528 ijS 
0.26552 
0.30901 
0.44407 16 
0.22203 
0.20601 
0.21974 17 
0.33648 
0.14650 

— 3*779 1 3 


Temperature. j 

---, 

Mean by diff. j 
i5Therm. from 62°. 


- 6.8 

- 6.7 

- 8. 4 

— 13-° 

—11.9 

-14-1 

- 17-3 

—17.2 

— 20.7 

— 20.2 

-19.1 

—16.7 
-17.9 

— 21.6 
-20.5 
—17.2 
-17.4 

— 21.4 

— 22.6 
20.7 


From the above Table it appears, that the total apparent length of the Bafe, as given imn 
The corre&ions in the above Table, and others fpecified in the Text, being fubtrafted fr 

There remains, for the true length of the bafe in the temperature of 62° of Fahrenheit, 



Lvrsh, executed in the Autumn of 1787, whereby the apparent Length is found 
:ngth in the Temperature of 62% 28532 x y~ Feet. 


2°. 

Correction 
for the 
difference. 

Days. 

i 

Temperature. 

Correction 
for the 
difference. 

Days. 

Spaces 

meafured. 

Yards. 

1 emperature. 

Correction 
for the 
difference. 

Mean by 
i5Therm. 

diff. 

from 62°. 

Mean by 
15 Therm. 

diff. 

from 62°. 


n. Parts. 




0 

In. Parts. 





In. Parts. 

.8 

0.15565 


6100 

42.1 

-19.9 

o- 4555 1 


8lOO 

36.3 

-25-7 

0.58827 

•7 

o-i 533 6 

Nov. 

6200 

39-3 

— 22-7 



8200 

39-2 

-22.8 

0.52189 

4 

0.19228 

21 

6300 

43-3 

-18.7 

0.42804 

Nov. 

8300 

39-5 

~22-5 

0.51502 

.0 

0.29757 


6400 

4 6 -5 

-* 5.5 

o -35479 

29 

8400 

34-8 

— 27.2 

0.62261 

•9 

0.27239 


6500 

45-6 

—16.4 

0.37540 

- 


40.5 

-21.5 

0.49213 

.1 

0.32275 

22 

6600 

42*5 

— I 9 -S 

0.44635 


8000 

42.3 

-19.7 

0.45093 

•3 



6700 

42.2 

— I9.8 

0.45322 

30 


30.5 

— 3 T -5 

0.72103 

.2 

0.39371 


6800 

41.2 

am 

O.4761 I 



44-3 

-17.7 

0.40515 

•7 

0.47382 

23 

6900 

39-8 

—22.2 

O.5O816 

Dec. 

m 

46.0 


0.36624 

.2 

0.46238 


7000 

39 0 

-23.0 

0.52647 

1 

9000 

43 -o 

—* I9.O 

0.4349 1 

.1 

0.43720 


7100 

37-7 

-24.3 

0.55623 


9100 

45 * 6 

— 16.4 

0.37540 

•7 

0.38226 

24 

7200 

3 6 -2 

-25.8 

0.59056 


9200 

48.7 

— J 3-3 

0 30444 

•9 

0.40973 


7300 

1 42.1 

-19.9 

0 - 4555 » 

3 

9300 

41.1 


0.47840 

.6 

0.49442 


7400 

40-5 

-21.5 

0.49213 



46.9 

-I 5 -I 

o- 345 6 4 

•5 

0.46924 

26 

7500 

35-2 

-26.8 

0.61345 

4 

19512.2454 

48.4 

-13.6 

0.34942 

.2! 

0.39371 


7600 

39-8 

— 22.2 

O.50816 









7700 

3 s -5 

-23.5 

0.53791 





— 6.97148 



27 

Kc :,j 

33 - 6 

—28.4 

0.65098 





—10.14802 


°- 5 I 73 I 


BE 

38-9 

— 23.1 

0.52876 





— 7-58574 




booo 

3 2, 7 

- 29-3 

0.67068 





- 3 - 779 1 3 












— 2.16540 


1-7-58574 

1 




1—IO.I4802 














Total Correftion 

-30.64977 


Feet. In. 

ven immediately by the Steel Chain, was 9512^^ yards, which are equal to 28536 8.835 
:ra£ted from the apparent length, — — — ' 3 9.799 

enheit, ~ . — — — 2853211.036 

equal to — 28532 ^ Feet. 
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SECT I O N SEC O N D. 

General Defcription of the great inflrument with which the angles , 
in the recent trigonometrical operation , were obferved ; Shewing 
alfo its various adjustments for praSlice.. Reference to be had to 
Plate III. a general view of the entire machine ; Plate IF. a 
plan and two feStions ; Plate V. various parts reprefented to 
large fcales ; and Plate VI. the microfcopes and eye-bieces.. 


Article I. Preamble. 

IN endeavouring to defcribe the curious inflrument made ufe 
of for obferving the angles in the recent trigonometrical ope¬ 
ration, it has been judged bell to confine ourfelves to the prin¬ 
cipal parts, without entering into any detail of the minutiae: 
for even to have mentioned thefe,. with the almofl infinite 
number of little fcrews that ferve to unite them into one entire 
machine, which could only have been done by references to a 
multitude of great and fmall Roman and Greek characters, 
would have been a difgufling labour. By the help of the four 
plates which this defcription refers to, and which have been 
executed with great care, that fewer words might fuffice, it is 
hoped, that the inflrument may be underflood by two clafles 
of people for whom it is chiefly intended; firfl, by thofe who 
being pofTefled of fuch a machine would wifh to make them* 
felves mailers of its ufe; and, fecondiv, by fuch ingenious, 
artifls as would attempt to conflruCt fuch another; for thefe 
lafl, in particular, the parts that are of brafs, of bell-metal;. 
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or of Reel, are difiinguifhed from each other. And here it is 
neceffary to obferve, that the plates muft not only be fre¬ 
quently confulted, but alfo attentively confidered, and repeat¬ 
edly compared with each other, in the courfe of this de- 
fcription. 

Art. II. General view of the infrument. 

It is a.brafs circle, three feet in diameter, and may be called 
a great theodolet, rendered extremely perfedt; having this ad¬ 
vantage in particular, which common theodelets have not, that 
its trail fit telefcope can be nicely adjufled by inverfion on its 
fupports; that is to fay, it can be turned upfide down, in the 
fame manner that tranfit-inflruments are, in fixed obfervatories. 

The circle is attached by ten conical tubes, as fo many radii, 
to a large vertical, conical hollow axis of twenty-four inches 
in height, which may be called the exterior axis. Within the 
bafe of this hollow axis, a collar of caff Reel is Hrongly 
driven; and on its top there is infer ted a thick bell-metal 
plate, with Hoping cheeks, which, by means of five fcrews, 
can be raifed or deprefled a little. 

The infirument refls on three feet, which are firmly united 
to each other at the place where they branch off, by a flrong 
circular plate of bell-metal, upon which rifes another vertical 
hollow cone* of lefs fize than the former, being included 
within it, and is therefore called the interior axis. On its top 
is inferted a cafi-fleel pivot, with Hoping cheeks, pafling 
through the bell-metal plate on the top of the exterior axis, 
the cheeks of the one being nicely ground to fit the cheeks of 
the other. The bell-metal bafe of this interior axis is in like 
manner ground to fit the caff-Heel collar in the bafe of that 
which is without it. Thus the circle being lifted up by two 


men 
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men laying hold of its radii, and the exterior being placed 
upon the interior axis, the cheeks at the top being at the fame 
time adjufted to their proper bearing, it turns round ,very 
fmoothly, and is perfedly, or at leaft as to fenfe, free from 
any central fhake. This mode of centering is one of the chief 
excellencies of the inftrument. From the ufe that has been 
made of it both years, it feems not to have fuffered in the 
leaft ; and it is perhaps the only conftrudion that could have 
anfwered for a machine of fuch magnitude, undergoing fo 
many quick transitions from place to place, and fo often raifed 
to high fituations without any rifk of being thereby hurt. 

Art. III. Mahogany Planes under the injlrument. 

By infpedion of the plates, but more particularly the Hid, 
and the fedion towards the right hand in the Vth, it will be 
feen, that there are three planes of mahogany under the metal 
parts of the inftrument; namely, that which forms the top of 
the ftand, which, although a fquare of about three feet four 
inches at bottom, becomes, by the Separation of the legs, an 
©flagon at top. In the center there is a circular opening of 
nine inches diameter, the ufe of which will appear hereafter. 
Over the top of the ftand lies another plane of mahogany, like- 
wife an odagon, of Somewhat greater dimenfions than the 
former, with a circular curb running around it, about half an 
inch within the planes of its fides. This odagon hath in its 
center an open conical focket of brafs, three inches in diame¬ 
ter; and on four of its oppofite Sides there are fixed four ftrong 
brafs fcrews, one on each fide, which ading againft pieces of 
brafs inlaid into the oppofite fides of the top of the ftand, the 
odagon plane, with every thing that refts on it, may thereby 
be moved in four oppofite diredions, until the plummet fuf- 
Vol. LXXX. T pended 
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pended from the center of the inftrument above, is accurately 
brought to co-incide with the point marking the ftation under¬ 
neath. The third or uppermoft plane of mahogany is in fa<ft a 
part of the Jnftrument itfelf, being at all times by fcrews or 
otherwife united to it, and carrying the handles whereby it is 
lifted out for ufe, or in again into its cafe, to be transported 
from place to place. In the middle of this plane or bottom to 
the inftrument, there is another conical brafs focket, of three 
inches and a quarter in diameter, fitted to flip over and turn 
ealily on that in the center of the o&agon underneath. In the 
brafs cover of this focket, there is a very fmall hole concentric 
with the inftrument, to fuffer the thread or wire to pafs, which 
fufpends the plummet; and in the view, Plate III. maybe 
feen another fmall box that contains the thread, with a winch- 
handle for railing or lowering the plummet, according as the 
height of the inftrument above the ftation on the ground, or 
edifice where it Hands, may require. 

Art. IV. Feet Screws for levelling the inftrument. 

By attending to the group reprefenting the front elevation of 
the feet fcrews, with its fide nuts, in the right hand upward 
angle of Plate V. it will appear, that they are flackened, which 
is always the cafe before the inftrument is levelled, to give 
room for that operation by the a&ion of the fcrews. This 
being done, the fide nuts are brought to prefs gently on the 
horizontal plate that embraces the whole group, and thereby 
keeps the inftrument as it were united to the mahogany until 
fome frefh adjuftment becomes neceflary. When the inftru¬ 
ment is to be put into its cafe, then the feet are let down, and 
by the fide nuts the horizontal plate is brought to prefs ftrongly 

on 
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on the whole group* whereby it is kept perfectly faft and fe~ 
cure from motion in carrying from one fituation to another. 

Art. V. Blocks of box wood and conical rollers under the. 

feet fcrews. 

By referring alfo to Plate V. it will appear, that directly 
below each foot there is fixed to the lower furface of the ma¬ 
hogany a fmall block of box wood, curvilinear in the direction 
of its motion. On th'efe three blocks refts the whole weight 
of the inftrument, which tieverthelefs can be moved circularly 
On them alone. But to render the motion perfeftly eafy, three 
conical brafs rollers, placed fomewhat nearer to the center, are, 
by means of their refpeftive fprings and regulating fcrews, 
brought to aft and receive fuch a proportion of the weight as 
it may be neceffary to lay upon them. The head of one of 
theft fcrews, which give more or lefs aftion to the rollers, may 
be feen at D in the principal view of the inftrument Plate III. 
as well as in the plan and feftion Plate V. 

Art. VI. Screws giving motion to the whole infrument. 

By examining attentively the general view of the inftru¬ 
ment may be feen, in two petitions, the great ferew with the 
flat ivory head, whereby the entire machine received a circular 
motion. In one, it is attached to the curbs, as when in ufe in 
1787; in the other, it is laid upon the mahogany bottom, as 
was the cafe the fame year every time it was carrried to anew 
fituation. But this ivory-headed ferew having been found to 
aft by jerks in moving fo great a weight, and confequently to 
be troublefome in adjufting the inftrument to the fixed point, 
or that of commencement in meafuring angles; it was there* 
fore laid afide in 1788, and another apparatus or clamp was 

T 2 adapted 
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adapted for the fame purpofe. This laft may be feen attached 
to the curbs, as reprefented towards the right hand of Plate V. 
It confifts of a brafs cock, fixed to, and projecting outwards 
from, the curb of the inftrument; which cock is aCted upon 
by two fcrews working on the oppofite fides againft it, and 
which are clamped to the curb of the oCtagon. 

Art. VII. Mahogany Balujirade and Cover. 

The curb, whereon the three feet of the inftrument reft, 
carries a baluftrade of mahogany fitted to receive, on the top 
thereof, a mahogany cover, no where reprefented except in the 
two feCtions in Plate IV. In this cover there are only four 
fmall openings (befides that which allows the great vertical 
axis to pafs), viz. one for each vertical microfcope, one for the 
clamp of the circle, and one for the focket of the Hook’s-joint. 
The two laft are lefs than the former. At the fame time that 
this cover effectually feeures the circle with its cones from dirt 
and from accidents, it ferves conveniently for laying the Hook’s- 
joint upon, or any thing that may be conftantly wanted near 
at hand ; but more particularly for placing the lanterns ufed at 
night for reading off the divifions on the limb of the inftru¬ 
ment that come immediately under the vertical microfcopes. 

Art. VIII. Achromatic Telefcopes. 

Two achromatic telefcopes, each of thirty-fix inches focal 
length, with double objeCt-glaftes of two inches and a half 
aperture, belong to the inftrument. They are excellent of 
their kind, and are furnifhed with eye-pieces of different mag¬ 
nifying powers, for ered as well as inverted vifion. The lower 
telefcope lies exadly under the center of the inftrument, and is 
directed through one of the openings of the baluftrade. Being 
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only ufed for terreftrial objedts, it requires but a fmall elevation 
or depreffion, and therefore is only fupplied with a fhort axis 
of feventeen inches in length, fupported by braces attached to 
the feet. The eye end of this teldfcope is purpofely made hea¬ 
vier than the objedf end; and refting on an horizontal arm, 
that is railed or deprefled by rack-work, it is thereby readily 
brought to bear, and remain very fteadily, upon its objedt. 
The rack-work may be feen in the view of the inftrument, 
and alfo on the left fide of the right hand fedtion in Plate IV. 
But there is a fmall horizontal motion that can be given to the 
right hand end of the axis of this telefcope, which is effedted 
by means of a handle inferted through the vacancy of the ba- 
luftrades, and placed on a dovetail at E, which could not be 
fhewn in the plate. Thus the inftrument being nicely levelled, 
the upper telefcope at zero, and likewife on its objedf, the 
lower telefcope, by the help of this adjuftment, is brought 
accurately to the fame objedt, fuppofed to be the point of com¬ 
mencement, or that from which angles are meafured. 

By referring to Plates III. and IV. and likewife to the fedtion 
on the left fide of Plate V. it will be feen, that a horizontal 
bar extends acrofs the top of the vertical axis, fupported by 
two fide braces that fpring from the cone,, about one-third of: 
its height above the plane of the inftrument. The horizontal 
bar carries the Y’s or fupports, in which the pivots of the 
upper telefcope move. They are of fuch height as to permit a 
femicircle of fix inches radius, attached to the axis of the 
tranfit, to pafs freely, and confequently the telefcope to be 
diredted to the fun or ftars in high elevations, but not to be 
brought to the zenith. The arc of excefs of the femicircle 
likewife admits of feveral degrees of depreffion being mea* 
fured thereon. 
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Art. IX. Spirit Levels. 

The inftrument has two very good fpirit levels, that are 
fitted with the feveral means of adjuftment, as is ulual in inch 
cafes, the detail of which it is unnecefiary here to enter into. 
The firft or axis level, becaufe it is only applied on the axis of 
the telefcope, is that whereby it is fet horizontal, as in the 
ordinary tranfit inftrument; and it is like wife ufed for placing 
the conical axis truly vertical, fo that the inftrument may turn 
round without fenfible alteration of the level, previoufly to 
obfervations of the pole ftar, or of other heavenly bodies. 

The fecond, or elevation level, is that whereby the telefcope 
is brought to be truly horizontal, when angles of elevation or 
depreffion are to be taken. At fuch times it is fufpended on a 
rod attached to the outfide of the telefcope, to whole axis of 
vifion the rod, by adjuftment, can be made parallel, as will 
readily be conceived, by obfervitig the reprefentation of thefe 
parts in the right hand fedlion of Plate IV. 

When the angles of elevation or depreffion to be deter¬ 
mined are very fmall, they are mea.fured by the motion of an 
horizontal wire in the focus of the eye-glafs of the telefcope; 
but when great, their quantity is meafured by the arc of mo¬ 
tion of the femicircle, as (hewn by its proper horizontal 
microfcope. 

The elevation level is likewife made ufe of for levelling the 
inftrument when horizontal angles only are to be taken, for 
which purpofe it is fufpended on two pins, which are feen 
.projecting from the horizontal bar in the plan, and one of 
them in each .of the feCtions in Plate IV. This was the ordi¬ 
nary pofition of the elevation level when the angles of the 
2 triangles 
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triangles were obferved, and thereby it was enfily feen ; in the 
courfe of the operation, whether the inftrument had fuffered 
any change to render a re-adjuftment neceflary. 

Art. X. Lanterns for the Illumination of the Wires. 

The axis of the tranfit telefcope is hollow, and in the middle- 
there is placed, at an angle of 45 0 with the axis of vifion, a per¬ 
forated elliptical illuminator for throwing light on the wires in 
night observations. The light is communicated from a final! 
lantern attached to the horizontal bar at' its junction with the 
brace, directly oppofite to the end of the axis, which has a bit of 
thin glafs placed before it to prevent duft from entering. There 
is another fuch lantern for the lower telefcope, not however 
reprefented in the plate. As the light given by thefe lan¬ 
terns was found to be rather too weak, especially that for the 
upper telefcope, therefore it was cuftomary in practice to illu¬ 
minate the wires, by holding up frontwifc one of thofe feen in 
the feftion in Plate IV. again ft the end of the axis of the upper 
telefcope, when directed to the pole ftar. The fame method was. 
ufed by prefenting it obliquely to the objeft-glafs of the lower 
telefcope, when it became neceflary to examine whether the 
interfe&ion of the wires continued without fenfible variation, 
on a reverberatory lamp, commonly placed twelve or fifteen 
miles off, and fometimes even at the great diftance of twenty 
or twenty-four miles. 

Art. XI. Lanterns for throwing light on the Divifons of the 

infrument. 

Befides the two final! lanterns for illuminating the wires of 
the telefcopes in night obfervations, two larger ones may be feen, 
as already mentioned, Handing on the mahogany cover in the 

fetlion 
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feCtion in Plate IV. ufed for reading off the divifions of the 
inftrument, under the vertical microfcones. The front of one 
of thefe is (hewn, and the back, or that to which the handle 
is fixed, of the other. Their narrow fides are prefented 
towards the microleopes, there being in each a filvered re¬ 
flector of copper at FF; and oppofite to it, at GG, a fcreen of 
talc or tranfparent oiled paper. The light from a wax candle 
being thrown on the reflectors, and thence back again through 
the fcreens, on the divifions of the inftrument under the mi- 
crofcopes, thefe could be very diftinCtly read off and regiftered: 
for the light communicated in this way was very ftrong, at 
the fame time that the glare of it, which otherwife would 
have been difagreeable to the fight, was removed by palling 
through the fcreen. 

Art. XII. Arms projecting from the bell-metal plate under the 
plane of the infrument . 

By referring to Plates III. and IV. but more particularly the 
latter, it will be perceived, that there are three flat arms, 
ftrongly fixed by fcrews to the edge of the circular bell-metal 
plate, forming, as has been already mentioned, the bafis of the 
interior vertical axis. Thefe arms, which are alfo firmly braced 
to the feet of the inftrument, rife gradually as they projeCt 
outwards towards the circumference of the circle, whofe radius 
they exceed about an inch and a quarter, and their extremities 
are about an inch lower than its upper furface. One arm, 
lying direCtly over one of the feet, is that to which are 
attached the wheels and fcrew moved by the Hook’s-joint, and 
aifo the clamp of the circle, as reprefented in Plate V. The 
other two arms, whereof one lies alfo over a foot, and the 
other direCtiy oppofite to it, become thereby a diameter to the 

circle. 



the Trigonometrical Operaticp. 145 

circle, having their extremities terminated in a kind of blunted 
triangular figure, forming the bafes of pedeflals whereon fiand 
the vertical microfcopes hereafter to be defcribed. The arms, 
together with the horizontal bar and braces carrying the tranfit 
telefcope, are every where pierced, in order to leffen the weight 
without diminifhing the flrength of the parts. 

Art. 13, Vertical Microfcopes. 

Two vertical microfcopes, diftinguifhed A and B, are ufed 
for reading off the divifions on the oppofite fides of the circle 
immediately under them. They are exa&ly of the fame con- 
firudtion, and the chief parts of that marked A are re prefen ted 
in their real dimentions towards the left hand of Plate VI.; 
where,, befide the general, may be feen particular plans of the 
Aides, and alfo that of the pedeftal, containing within it the 
gold tongue, with its axis and fcrews for adjuAment. Next to 
thefe plans fiand the elevation and optical lines, fhewing the 
pofition of the glafies with the magnified fcale at the bottom. 

Each microfcope contains two Aides, one lying immediately 
over the other, their contiguous furfaces being in the focus of 
the eye-glafies. The uppermoft, or that neareft the eye, is a very 
thin plate of brafs, to the lower furface of which is attached 
the fixed wire, having no other motion than what is neceffary 
for adjuAment, by the left hand fcrew to its proper dbt, as 
hereafter to be explained. 

The Aeel Aide immediately under the former is made of one 
entire piece, of fufficient thicknefs to permit the micrometer 
fcrew, of about 72 threads in an inch, to be formed of it. To 
its upper furface is fixed the moveable wire, which changes its 
place by the motion of the micrometer head, feen in the plan 
and elevation towards the right hand. The head is divided 
Vol.LXXX. U into 
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into 60 equal parts, each of which rep refen ts one fecond of 
angular motion of the telefcope. By examining the particular 
plan of this Reel Aide, it will be feen, that it is attached by a 
chain to the fpring of a watch, coiled up in the ufual manner, 
within a fmall barrel adjacent to it in the frame. By this pro- 
vifion no time whatever is loft; the fmalleft motion of the 
head being inftantly fhewn, by a proportionable motion 
of the wire, , to one hand or the other, in the field of the 
microfcope. 

It is neceflary to remark, that the whole microfcope be¬ 
tween its pillars can be raifed or deprefled a little more or lefs, 
with regard to the plane of the circle, by the help of two fteel 
levers, feen one on each fide of the elevation, which for that 
purpofe are applied in the holes reprefen ted above and below 
the projecting plate that unites the tops of the pillars. By 
means of this motion, diftinctnefs is obtained at the wires ; 
and by the motion of the proper fcrew of the objeCt lens, 
which neceffarily follows that given to the whole microfcope, 
the fcale is fo adjufted as that fifteen revolutions of the head 
ihall move the wire over fifteen minutes, or one grand divifion, 
on the limb, equal to nine, hundred feconds, each degree on 
the circle being only divided into four parts. This operation 
being delicate, requires great patience and many repetitions, 
before the purpofe can be exaClly, or even nearly, effected : 
for at the fame time that the fixed wire muft bifeift the dot on 
the gold tongue, the moveable wire muft alfo bifeCt the dot at 
i8o c on the limb, as well as the firft notch in the magnified 
fcale at the bottom of the plate, where the minutes in the field 
of the microfcope are reprefented in the proportion of between 
fifteen and fixteen to one as painted on the eye of the obferver. 
In this adjuftment there is yet another circumftance to be 
5 attended 
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attended to, which is, that fixty on the micrometer head 
fhould ftand nearly vertical, fo as to be conveniently feen. A 
few feconds of inclination to one fide or the other are of no 
moment, becaufe the dart or index being brought to that pofi- 
tion, whatever it may be, mu ft at all times remain there with¬ 
out alteration, unlefs fome derangement that may have hap¬ 
pened to the inftrument, in tranfporting from one place to ano¬ 
ther, ftiouId have rendered a frefh adjuftment neceffary. But if, 
when the wires co-incide with their refpeftive dots and the firft 
notch, fixty on the micrometer head fhould happen to be under¬ 
neath, or fo far over from the vertex on either fide as to be feen 
with difficulty, then the gold tongue muft be moved a little by 
means of the capftan-headed fcrews, which aft againft each other 
on the oppofite extremities of its axis. Thus, by repeated trials, 
the wifhed-for objeft will at length be effected, that is to fay, 
fixty, to which the dart is to be fet, will ftand in a place eafily 
feen. But it is not to be expefted, that each microfcope will 
give juft nine hundred feconds for the run of fifteen minutes. 
Without great lofs ,of time this cannot be done; befides that 
two obfervers, of different fights, will adjuft the microfcopes 
differently. Accordingly, in 1787, after many trials of the 
runs in meafuring fifteen minutes on the different parts of the 
limb, microfcope A was found to'give only B96",, while B 
gave at a medium 901 // . But in 1788* microfcope Agave 
900", while B gave no more than Thefe differences 

were of courfe regiftered and allowed for in the eftimation of 
the angles for computation, whereby any difference between 
them almoft wholly difappeared. 

The gold tongue, which is extremely thin, applies very 
clofely to the furface of the circle. In the plan it is fuppofed 
to be feen through a thin plate of brafs covering the whole 

U 3 pedeftal, 
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pedeftal, and alfo through a fmall fquare plate lying over the 
former, and fastened to it by three fcrews.' In the under fide 
.of this , but, there is a cavity for the projediing part of the 
tongue This contrivance of the tongue with its dot was to 
guard, agaiaft any error that might arile from accidental mo- 
tio/i given to the inftrument between one obfervation and ano¬ 
ther, which from this precaution could never happen, without 
bemg immediately difeovered : for the wires being adjufted to 
their dots under the microfcopes refpedtively, if the inftrument 
be then turned round i8o c , the wires will reciprocally bifect 
the dots that were originally oppofite to them, and thereby 
fhew, that they are accurately in the diameter of the circle; 
and fo on with regard to any other dots whatever. Hence 
this becomes the moft fevere mode of trying the juftaefs of the 
divifions of the inftrument. 

Art. XIV. Manner of reading of angles with the microfcopes. 

By attending to the magnified fcale at the bottom of the plate, 
it will appear, that the dot on the gold tongue, which is here in¬ 
verted, is about one minute to the left of zero, and alfo of the 
firft notch, with which the moveable wire alone co-incides. 
Now it will eafily be conceived, from what has been faid in this 
defeription, how readily, as well as accurately, any obferva¬ 
tion of an angle can be read off with fuch an inftrument; for 
the degrees and quarters, that is to fay, the 15V 30'', or 45', 
being feen with the naked eye, and regiftered, the value of the 
fradional, fpace between zero and the laft paft grand divifion, 
feen in the field of the microfeope, is obtained by turning the 
micrometer head until the moveable wire bifedts the dot at 
that grand divifion. The number of notches towards the 
right hand palled over on the fcale, equal to fo many revolu¬ 
tions 
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tions of the head, are the number of minutes, always Iefsthan 
15', to be added. If there be no odd feconds, the dart will then 
Hand at 60^011 the head; but, if any number of feconds are to 
be added, the dart will (hew, by its portion with regard to 6o°, 
what that number is. -Thus,' by adding the parts together, the 
meafure of the total angle is obtained. 

The. conurudtion, adjudment, and application of thefe ver¬ 
tical microfcopes have been given more fully, becaufe they form 
a mod effential part of the indrument: for the fixed wire con- 
dandy remaining on its dot, the fractional fpace may be repeat¬ 
edly meafured many times over; if neceffary, and a mean refult 
may then be taken. But it rarely happens that two obfervers,- 
reading off with; the oppolite microfcopes, differ more than half a 
fecond from each-other at the very fird reading. If time 
therefore permits, and the circumdanpes of the weather (hould 
alfo be favourable for repeating the obfervation with the tele- 
fcope, it is fufficiently obvious to what a wonderful degree of 
accuracy the meafure of angles may in this way be obtained.. 

Art. XV. Horizontal Microfcopes 
Befides the two vertical microfcopes, applied in the manner 
that has been defcribed to the meafurement of the fractional 
fpace in horizontal angles * there is yet another to be men¬ 
tioned, which is placed horizontally on«the bar that carries the 
tranfit telefcope, and is directed to the divifions on the femi- 
circle attached to its axis, for the meafurement of angles • of 
elevation or deprefllon, as has already been taken notice of. 
This microfcope, which is of the fame condru&ion with the 
, others, but larger, being upwards of nine inches in length, is 
reprefented in its full dimenhon in Plate VI. It has, like the 
others, a Aide made of deel, of fuch thicknefs as to permit the 
7 micrometer 
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micrometer icrew to be formed of it; and it carries a vertical 
wire placed in the focus of the eye-glafles, in which pofition 
it is moved parallel to itfelf from left to right, by turning the 
micrometer head. This Hide is alfo attached to a watch fpring 
which ads in a contrary direction to the head, as in other mi- 
crofcopes of this fort. 

Each degree of the femicircle being divided into two parts 
or 30'', and one revolution of the micrometer head moving 
the wire in the field of the microfcope f ; therefore in 1 o re¬ 
volutions it changes its place half a degree or 30'', which are 
fihewn by a fcale of 10 notches in the upper part of the field 
of the microfcope, and alfo reprefented towards the top of the 
plate. Each notch correfponds to 3 minutes or 1B0 feconds, 
and the head being divided into 3 minutes, and each minute 
into 12 equal parts, therefore each part is of the value of five 
feconds. 


Art. XVI. Concerning the Semicircle . 

With regard to the femicircle, which has, been repeatedly 
mentioned in the courfe of this defcription, it is yet neceflary 
to make fome remarks; and particularly to fliew how, by its 
means, the axis of vifion of the telefcope, when adjufted, is 
brought and kept truly horizontal, which is effeded in the 
following manner. 

G11 the oppofite fides of the horizontal bar that carries the tele¬ 
fcope there are fixed four fmall, but finely polifhed bell-metal 
planes, two on each fide, on the right and left of the top of the 
vertical axis, in fuch a manner as that the furfaces of the two 
on either fide are direded to or in the fame plane with the 
center of the axis of the telefcope. Thefe planes will be bed 

conceived 
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conceived by obferving attehtively the top of the vertical axis 
in the fe&ion towards the right hand Plate IV. Oh the edge 
of the femircircle may likewife be feen a moveable clamp, eafily 
made to flip, with the hand only, around its circumference, 
and it carries with it a very fine fteel fcrew. When the femi¬ 
circle is towards the left hand of the telefcope, which is its, 
ordinary pofition, the point of the fteel fcrew refts, or may be 
made to reft, perpendicularly on the furfaqe of the plane 
that is on the left of the vertical axis. But when the tele*' 
fcope is inverted in its Y’s, or turned upfide down, as is the 
cafe in adjufting the line of collimation, the femicircle being 
then on the right of the telefcope, and the clamp neceflarily 
brought down, the point of the fteel fcrew accordingly refts 
perpendicularly on the furface of the plane to the right of the 
vertical axis. Thus it will be readily conceived, that in ad- 
jufting the telefcope by the level for elevations, which is then 
conftantly fufpe'nded on its proper rod, parallel to the axis of 
vifion, the action of the fteel fcrew on the bell-metal plane 
ferves not only for the adjuftment of the telefcope in a truly 
horizontal pofition, for angles of elevation or depreflioq, by 
the motion of a wire in the focus of its eye-glafs, in the man¬ 
ner hereafter to be defcribed, but alfo to keep it in that pofi¬ 
tion, by the fuperior weight of the eye end, rendered fo on 
purpofe. By the fame means the telefcope remains fteadily on 
any objed that it may be direded to for interfedion, whether 
above or below the plane of the horizon. 

One thing more with regard to the femicircle muft be men¬ 
tioned, namely, that it gives angles of elevation 12" too great, 
and thofe of depreffion 12" too little. It is very eafy to con- 
, ceive, that this arofe from the impoffibility of dividing it on 
the axis of the telefcope to which it is fixed, and through the 

centers 
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centers of whofe pivots an imaginary line paffes that fhould at 
the fame time have paffed through the center of the femicircle, 
Mr. Ramsden took the heft method that could be devifed to 
render the excentricity as little as poffible. Having framed the 
femicircle, and fcrewed it in its place on the axis, he made a 
Reel point firmly fixed to the horizontal bar defcribe the con¬ 
centric arcs whereon the divifions were afterwards to come, and 
then marked the point for. zero, when the telefcope by adjufl- 
ment had been brought as nearly horizontal as poffible. Thefe 
previous fleps being taken, the .femicircle was removed, divided 
on the engine, and replaced in its orginal fituation. Never- 
thelefs, when the inftrument was carried into the field, and 
fcrupuloufly adjufted, the error was found, as has above been 
faid, I2 // , which of courfe became the conftant quantity to be 
applied with its proper,fign, when angles of elevation or de- 
preffion were taken. 


Art. XVII. Rye-glajfes of the telefeopes , and mechanifn of the 

wires in their foci. 

It has been already mentioned, that the telefeopes of the in- 
ftrument are furnifhed with eye-glaffes of different magnifying 
powers for eredt and inverted vifion, fix for each telefcope, as 
follows, viz. 

Eredt vifion. Inverted vifion. 


For the lower telefcope, 


Power. 

58. 


N° z. 


Power*. 


For the upper telefcope,- 


55 - 

8 c. 

With 


3- 
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With regard to thefe eye-glaffes, it is only necelTary here to 
mention, that thofe of the leaft magnifying poWers were found 
both in day and night Gbfervations to anfwer the beft. 

In the focus of the eye-glafs of the lower telefcope there 
are only two wires croffing each other in acute angles, which 
are vertical, inftead of being placed at right angles, horizon¬ 
tally and vertically, as was the ancient method. Since the 
lower telefcope never moves through more than a few degrees 
of a vertical arc, the wires require little or no adjuftment. 
Neverthelefs this was provided for, by allowing room for a 
fmall circular motion of the end-piece, which, when adjufted, 
is then faftened by its proper fcrews, and never afterwards 
needs any alteration. 

By referring to the middle part of Plate VI. two reprefen- 
tations of the eye end of the upper telefcope will be feen, with 
the eye-piece removed. Five wires are (hewn in this end, 
namely, two that interfedt each other in acute angles, fimilarly 
to thofe in the lower telefcope; and three that lie horizon¬ 
tally or parallel to each other. Four of thefe, viz. the two 
that form the acute angles, and the two extreme horizontal 
wires, are fixed in the focus of the eye-glaffes to the farther fur- 
face of a thin brafs Aide, l'uppofed to be feen through the out¬ 
ward brafs, and therefore (haded more dark than the reft. This 
Aide, as will be conceived, lies neareft the eye, and is move- 
able from right to left, and, vice verfd, horizontally, for the 
adjuftment of the line of collimation, by the infertion of a 
fmall mill-head key, on a fquare pin fitted to receive it, and 
fecured by a focket on the right hand fide. The fifth or mid- 
dlemoft horizontal wire is attached to the neareft furface of a 
fteel Aide, that lies contiguoufly to, but beyond the former. 
It is made of one entire thick piece, like thofe of the micro- 
Vol. LXXX. X fcopes, 



2 54 Gen. Roy’s Account oj 

fcopes, to permit the micrometer fcrew to be formed: of it; 
and it is reprefented in the uppermoffi figure attached to at 
watch fpring coiled up in the ufual manner. 

By the motion of the micrometer head, the Aide, and with 
it the wire, moves upwards or downwards in the field of the 
telefcope, a fpace equal to half the diftance of the extreme 
wires from each other. This motion above or below the cen¬ 
tral point, which was made to correfpond with the acuteinter- 
fedtion of the wires placed in the axis of vifion of the tele¬ 
fcope, is performed in ten revolutions of the head, as denoted 
by the motion of the dart, ten divifions upwards or down¬ 
wards, in the narrow groove feen at the top of the figure. 

Now, by the means of this piece of mechanifm in the eye- 
end of the telefcope, it will appear fufficiently obvious, that 
fmall angles of elevation or depreffion may be determined with 
great accuracy, when the value of a certain number; of revo¬ 
lutions and parts (the circumference of the head being divided 
into too) have been once afcertained by repeated obfervations; 
of the altitude of any well-defined objedt taken by the fcmi- 
circle. Thus it was found, by experiment, that 7 revolutions 
of thq micrometer head were equal to an angle of elevation or 
depreffion of io' 59", or 659", on the lemicircle. Whence 
it follows, that one revolution raifes or depreffies the wire above 
or below the central point i.'24". 8134, or a little more than 
r. And hence a motion of one divifion on the head raifes 
or depreffies the wire nearly T VL.ths of a fecond. 

In this manner were determined the reciprocal elevations or 
depreffions of the feveral ffiations of the feries of triangles with 
regard to each other. 

By obferving attentively the four ferews reprefented in the 
outward end of the telefcope, a dotted groove will be feen 

under 
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under thd head of each. And in the uppermoft figure there 
appears a flat btafs ring, foldered to the infide of the tube 
about half an inch from the outward end, which carries on its 
furface four ftuds to receive the lower extremities of the four 
fcrews. Thus the grooves allow room for a final 1 circular mo¬ 
tion to be given to the end-piece for the vertical adjuftment of 
the fork of the wires, thofe that are horizontal being by con- 
ftru&ion at right angles with it. This being done, the fcrews 
are made very fad: in the ftuds below, and thereby the whole 
machinery of the end-piece is rendered perfectly firm and 
fecure. 

There remains yet one piece more to be barely mentioned. It 
is the prifm eye-tube, reprefented by dotted lines towards the 
right-hand fide of Plate VI. as attached to the eye end of the 
tranfit telefccpe, inftead of the common eye-piece with two 
convex gl'afles. In leaning over our inftrument to obferve the 
pole ftar, highly elevated in thefe latitudes, the body is necef- 
farily thrown into an inconvenient fatiguing pofture, whereby 
fome rifle is run of deranging the inftrument, and confequently 
of making the obfervations lefs accurately than when the ob- 
ferver can look directly forward, without bending the body fo 
much. For this purpole, Mr. Ramsden promifed to fupply 
the prifm tube in 1787 ; but it was only, and with great dif¬ 
ficulty, obtained in 1788, by which time Mr. Dalby had 
accuftomed himfelf to obferve very well without it, fo that it 
was never ufed. 

By employing this piece, light is no doubt loll ; becaufe the 
image pafles through more glaffes before it reaches the eye, than 
when the common eye-piece is ufed. But for obfervations of ftars 
nearer the zenith than the pole ftar is in our latitudes, it would 
be indifpenfably neceflary. It would like wife be advantageoufly 

X a ufed 
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ufed in looking at the meridian fun in fummer, for which pur- 
pofe it is furnifhed with dark glades, placed in a Hide moved 
by rack-work, as may be feen from infpeCtion of the plate. 
They confift of three prifms, laid clofe to each other, fo as to 
form, when thus aflembled, a parallelopipid. Here the green 
prifm ftands neared to the eye, a dark one farthed from it, and 
between the two, one of white flint glafs, for correction of 
the refraCtion which would other wife take place. It will eafily 
be conceived, from the difpofition of the prifms, that the 
darked medium is here towards the left; and that it becomes 
gradually lighter towards the right hand, where a void part in the 
frame is brought into the field when the dars are obferved ; or 
when, from the circumdances of the weather, itmaybeunne- 
ceflary to fcreen the eye from the fun’s rays. 

Art. XVIII. General management of the infrument for 

obfervation. 

When the indrument is ufed on the ground, it is covered 
from the weather, under a circular tent, eight feet in diame¬ 
ter. Four fliort piles, hooped and fhod with iron, are driven 
into the earth, and their heads levelled, by laying acrofs from 
one to the other a mahogany draight ruler, having a fpirit 
level attached to one fide of it. The feet of the dand being 
then placed on piles, are firmly fadened to them by means of 
long fquare-headed fcrews, only one of which may be feen in 
the view of the indrument, belonging to that foot which flands 
neared the eye. By working with the four fcrews fixed in the 
oCtagonal mahogany plane, the plummet fufpended from the 
center of the indrument is brought accurately over the point 
on the ground that marks the dation. The fcrews of the feet, 
with the fide nuts appertaining to them, are then flackened, 

to 
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to give fufficient room for the adjuftment of the inftrument, 
which by them is brought to be level. 

Art. XIX. Adjuftment of the axis Level. 

The axis of the upper or tranfit telefcope being brought over 
any one of the feet, and the circle being clamped, hang the 
axis level on the pivots or anfe of the telefcope, and bring the 
bubble to the two indexes; then reverfe the level, that is, turn 
it end for end, and note the difference. Bifedt this difference, 
one half by the level’s proper adjufting fcrew, and the other 
half by that foot-fcrew only which is in a line with the axis. 
This operation being repeated until the difference wholly va- 
nifhes, the level will be truly adjufted, that is to fay, the bub¬ 
ble will refl between the fame points in both portions. 

Art. XX. Adjujlment of the elevation Level\ 

This level being fufpended on the rod attached to the out- 
fide of the tranfit telefcope, fcrew the ere£t eye-tube on, to 
make that end preponderate. Adjuft the bubble to the indexes 
by the fteel finger-fcrew at the tail of the femicircle’s clamp. 
Reverfe the level, and note the difference. Then bifedl that 
difference, and correct one half by the finger fcrew, and the 
other half by the proper adjufting fcrew under the level, and 
fo on repeatedly until the difference wholly vanifhes. The 
level may then be hung on the two pins that project from the 
horizontal bar which carries the telefcope, where, being pa¬ 
rallel to the axis level, it will fhew when that is removed (as 
is commonly the cafe when terreftrial objects only are obferved) 
whether the plane of the inftrument fuffers any alteration. 
If; this fhould have happened, the level on the horizontal bar 
is at all times fufficient to correct it. 
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Art. XXI. To fit the vertical Axis perpendicular. 

This may be done by either level, but heft with the axis 
level, which being fufpended on its pivots, muft be brought 
parallel with two of the feet of the inftrument; and by the 
fcrews of thefe two feet, the bubble is to be brought between 
its indexes. The circle being then turned round 180% if the 
bubble changes its place, half the difference is to be corre<fted 
by one of the feet fcrews, and the other half by two capflan¬ 
headed fcrews, that act againft each other, under and belong¬ 
ing to one of the Y’s, or lupports, in which the pivots reft. 
When the bubble is found to be juft in thefe two pofitions, turn 
the circle 9o°, which will neceflarily bring the axis over the 
third foot of the inftrument. Then correift any error there 
may be by that foot fcrew. In this manner the circle will be 
made to revolve again and again, without any alteration what¬ 
ever of the bubble, which fhews that the vertical axis is then 
truly perpendicular to the horizon. 

Art. XXII. To make the line of C 6 llimation in the telefcope at 
right angles with the tranfverfe Axis. 

The pivots refting in their Y’s, direct the telefcope to fome 
diftant well-defined object, and let the circle be clamped. 
Then reverfe the axis, that is, turn the telefcope upfide down. 
If the interfedtion of the wires does not co-incide with the 
object in both pofitions, half the difference muft be corrected 
by the motion of the circle with the Hook’s-joint, and the 
other half by the motion of the brafs Aide in the eye end of 
the telefcope, by applying the milled-head key in the final! fbcket 
feen on the right hand fide in Plate VI. and fo repeatedly until 
the difference wholly disappears. 

7 


Art. 
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Art. XXIII. to fet the Rod on which the elevation level hangs 
parallel to the line of Collimation. 

The Vertical axis being fuppofed to be nearly vertical, hang 
the level on its rod, and rectify the bubble by the finger fcrevv 
of the clamp* Set the horizontal wire on the fteel Aide, to 
interfedt the center of the oblique wires, and place the dart or 
index at zero on the micrometer head. Then obferve forae 
diftant diftitnSt object covered by the horizontal wire. Invert 
the fe mi circle, that is, turn the azimuth circle 180°, and the 
telefcope upfide down, fo as to bring the wire upon or nearly 
upon the fame objeft. Now, if. the level be not right, reftify 
it by the finger ferew at the tail of the clamp. If the telefcope 
does not now accurately cover the fame object as in the former 
pofition, bifedt the difference by the finger {crew of the clamp, 
and then redtify the bubble by the capftan-nuts under one end 
of the rod. Repeat this operation until the level is right, 
when the telefcope fees the fame objects in both pofitions, and 
thereby the rod will be brought parallel in altitude to the line 
of collimation or axis of vifion. 

The adjuftments of the microfcopes having been already fuf- 
ficiently explained, in giving the defeription of the eflential 
parts of the inftrument, it is unneceflary here to repeat them. 

Art. XXIV. Of the weight of the infrument, and mode of 
tranfporting it from place to place. 

The inftrument, whofe defeription and ufes we have here 
attempted to give in a general way, without reference to its 
minute parts, by a multitude of different characters, weighed in 
the whole about 200 lbs. It is contained in two deal boxes; 


one 
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one of a circular form for the body of the inftrument; and 
the other of an oblong fquare figure, for the tranfit telefcope. 
Within this lafi: box there is one of mahogany, that holds all 
the fmaller parts of the apparatus. The ftand, fteps, flools, 
pullies, ropes, tent, and canopy for the fcaffold, &c. &c. 
weighed at leaft as much more. The whole attirail was tran- 
fported from place to place, in a four-wheeled fpring carriage, 
drawn by two, and fometimes by four horfes. The carriage 
part, originally that of a crane-necked phaeton, was prefen ted, 
with his ufual liberality, by Sir Joseph Banks ; and upon it 
was built a kind Of caravan, covered with painted oil-cloth, 
whereby every thing within was kept dry and fecure. 


SECTION THIRD. 

Defcription of various articles of machinery made ufe of in the 
trigonometrical operation inferred to in Plate VII. Alfo the 
difiindtion of the Jlations into two fets , thofe of the fecond fet 
being referred to in Plate VHI, 


Article I. Portable Scaffold. 

IN the account of the meafurement of the bafe on Houn- 
flow Heath we have (hewn, that the fur face of that remarkable 
plain is not elevated more than fifty or fixty feet above the mean 
level of the fea. From this fmall elevation, and the circum- 
llance of its being furrounded, almofl: on every fide, with lofty 
trees, it was from the beginning fufficiently obvious, that, in 
order to be enabled to make the obfervations of the collateral 

ftations 
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ftations from the extremities of the bafe, it would be abso¬ 
lutely neceflary to raife the inftrument, by fome means or 
other, to a considerable height above the ground. For this 
purpofe the portable fcaffold, whofe plan and elevation are 
reprefented on the left hand fide of Plate VII. was conftrucled. 
It confided, as may be feen, of an inward fcaffold for flip- 
porting the inftrument, and an outward one for the obfervers, 
wholly free and independent of each other, the platforms of 
both being framed about thirty-two feet above the lower, ends 
of the fcantlings, which reft on the ground. Thefe being 
made of fquared deal, and the feveral parts being bolted and 
fcrewed together with many iron fcrews fecured by nuts, the 
whole could be readily taken to pieces, carried in a waggon (for 
which it made a complete load), and replaced again in any new 
fituation. This fcaffold anfwered very well the purpofe for 
which it was intended; for the ftep-ladders, or ftairs leading 
to the platform, being attached to the outward frame, the in¬ 
ward one that carried the inftrument remained undifturbed by 
the motion of thofe who went up and down, or walked around 
the top. The filk thread, that fufpended the plummet, was 
fecured from the effe&s of the wind by a fort of funnel or 
trunk, cornpofed of three deals (one fide being left open), and 
fo contrived as to be eafily turned round to any quarter of the 
heavens, Whereby the open fide was always prefented to lee¬ 
ward. The inftrument was covered from the weather by a 
canvas canopy, about Seven feet Square, to which Side walls 
could be hooked for Screening it from the wind, as occafion 
might require. By referring to the elevation it will be feen, 
that the fcaffolds, both outward and inward, might be divided 
horizontally into two parts, fo as to permit the uppermoft half 
alone to be ufed when it became unneceSJary to raile the inftru- 
Vol. LXXX. Y ment 
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ment to a greater height than fifteen or fixteen feet above the 
ground. The whole together was never made ufe of, except 
at the two extremities of the Hounflovv Heath bafe. The 
uppermoft half was applied at three of the ftations only, 
namely, St. Ann’s Hill, Botley Hill, and Padlefworth near 
Dover. 

Art. II. Tripod Ladder. 

Next to the fcafiold the plate reprefents, in plan and feftion, 
a tripod laddef, about thirty-five feet in height. It carries oil 
its top a globe lamp, of about one foot in diameter, in which 
was ufed a fimple Argand’s burner, of a large fize, made for 
that purpofe. The lamp being removed, a focket for a white 
light might occafionally be fubftituted in its place; or (as was 
the cafe when we obferved the ftation at King’s Arbour from 
St. Ann’s Hill) a flag-ftaff might be added at the top, which 
was fecured in a truly vertical pofition, by braces fixed to the legs 
of the ladder underneath. It will be readily conceived, that by 
a contrivance of this fort a white light could be raifed to a con- 
fiderable height above the ground, if the circumftances at any 
time had rendered fuch elevation neceffary; and that it could, by 
the help of a heavy plummet, be always placed in a truly 
vertical pofition over the point on the ground marking the fta¬ 
tion. The globe lamp was found to anfwer very well for Ihort 
diftances of fix or eight miles, when the weather was favoura¬ 
ble; but it could not be depended upon in obfervations of 
diftances that were confiderably greater. 

Art. III. Common Flag faff. 

After the tripod ladder, comes in the plate the plan and 
elevation of a common flag-ftaff with its braces, carrying 
3 likewife 
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likewife two revefberatory lamps. Thefe two were attached 
to the fame iron bar, at the diftance of three feet from each 
other. They had concave copper reflectors, nine /aches in dia¬ 
meter, extremely well polifhed and filvered. They were in¬ 
tended at firft for experiments near London, and were very 
well feen at the diftance of fifteen or fixteen miles. To fecu-re 
us from any uncertainty that might have arifen, by miftaking 
other lights for our own, one lamp was placed over the other. 
But when we came afterwards to be better acquainted with the 
appearance of thefe lamps, that precaution was found to be 
entirely unneceflary; wherefore Angle reverberatories were pro¬ 
vided, with Jpecula of ten inches diameter, and they were fup- 
plied with ftill larger burners, which could be feen at the dif¬ 
tance of twenty or twenty-four miles. But here it is proper to 
remark, that thefe lamps muft be carefully watched, efpecially 
in expofed windy fituations; for if the cotton be drawn out a 
little too far, they are apt to fmoke, whereby the front glafs 
becomes obfcure, and therefore muft be wiped frequently. 
They are eafily turned on the pofts that fupport them; and 
were, by the help of a telefcope laid on one fide, parallel to 
the axis of the rays (for which a contrivance was provided in the 
tin work) accurately prefented towards the ftation occupied by 
the inftrument at the time from whence they were to be ob- 
ferved. There was conftantly one of thefe lamps, and fome- 
times two, at two different ftations, burning each night, when 
we were making obfervations of the pole ftar, or white lights 
of fhort duration, placed at other diftant ftations. 
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Art., IV; 'Tripod for White Lights. 

Next after the flag-ftaff (whereon a focket for white lights 
could likewife be placed, when the flag itfelf was removed) is 
reprefented a fmall tripod intended for white lights only. The 
fame focket that fitted the top of the flag-ftaff, or lamp-poll - , 
could be applied to the tripod, by the help of three fmall 
fockets foldered for that particular purpofe to the fides of the 
principal one. Deal rods, of five or fix feet in height, or ha¬ 
zels cut from the nearefl: hedge, ferved as the legs of this Hand. 
The fockets themfelves were made of copper, becaufe thofe of 
iron would have been dilfolved by the fulphurj. and the upper 
part, which was only an inch, or an inch and an half, in 
height, was fquare or round, according to the figure of the 
boxes containing the compofition, fometimes of one kind, and 
fometimes of the other. Thele white-light tripods, being 
readily placed by the help of a plummet over the point mark¬ 
ing the ftation, were found to be very convenient on the top 
of an open hill, or on the leads of a church fleeple, as the 
perfon attending them could eafily light the box with the port¬ 
fire, without the aid of a ladder. 

Art. V. Portable Crane. 

On the right hand fide of the plate is reprefented, in plan 
and fe&ion, and by a larger fcale than the others, a portable 
crane for weighing up the inftrumeut to the tops of fuch 
towers, church fteeples, or other buildings, as became ftations 
in the feries of triangles. It was conftru&ed in the Tower of 
London, and anfwered very well the purpofe for which it was 
intended, although it might ftill be improved. Before we 


were 
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were fupplied with this crane, we made fhift, by the help of 
a long beam, and a moveable treftle by way of fulcrum for it 
to reft upon, to get the inftrument up to the top of its own 
proper fcaffold, and one that was ftill higher, erefted over the 
tranfit room of the Royal Obfervatory at Greenwich. 

Art. VI. Reajons for changing certain Stations. 

In the courfe of the trigonometrical operation, the center 
of the inftrument has conftantly been brought, even almoft 
to mathematical exaftnefs, over the precife point marking 
the Ration, whereby reductions to the center on account of 
excentricity have been avoided; and the ftations have been 
diftinguifhed, as far as poffible, by permanent marks in fuch a 
manner, that, while thefe remain, the center of this or any 
other inftrument may be again brought into the fame vertical 
line. By thefe means our recent obfervations may be repeated 
on any future occafion, and conne&ed with others, which it is 
to be hoped will be made hereafter: for this operation, the firft of 
its kind in Britain, ftiould only be confidered as the foundation 
or commencement of a feries of others, which by degrees will: 
be carried to the remoteft parts of the ifland. 

By comparifon of the annexed plan of the triangles with 
that communicated to the Royal Society in 1787, as only a 
fketch of the fcheme then propofed to be carried into execu¬ 
tion, it will be perceived, that fome few ftations are omitted 
entirely, and others fubftituted in lieu of fome that were then 
intended to be occupied. Of this laft number Hanger-hill 
Tower has been made ufe of inftead of Kew Pagoda. This 
laft had been propofed on a fuppofition, that without a fcaffold 
of an enormous height, it would have been impoffible to fee 
Hanger-hill Tower from King’s Arbour. Neverthelefs, after 

1 a good 
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a good deal of trouble, by cutting off the tops of certain trees, 
lopping the branches of others, and railing a flag-ffaff on the 
center of the fcaffold, thefe two Nations were rendered reci¬ 
procally vifible. By thefe means we not only avoided making 
ufe of Kew Pagoda, which, from the nature of the building, 
would have been a very incommodious flat ion ; but we thereby 
got rid of Clermont Tower altogether; and thus, inflead of 
two fmall triangles, one was conflituted, larger and better, 
being nearly equilateral. 

In the introduction there has been occafion to take notice of 
the advantage that w T as gained by being able to fee Frant and 
Fairlight Down reciprocally. From this circumflance the feries 
from Frant eaflward to the bafe of verification becomes in 
reality a double one, and confequently affords better means of 
afcertaining the correCtnefs of the work. 

The Angularity of the fituation of Dover Caftle has like- 
wife been mentioned. Inflead of two flations near Tatterlees 
Barn and Barefriftan, whereby it was hoped, that Dover Caftle 
might have been connected with the feries to the weftward, 
it was found neceffary to make ufe of three flations; one at 
Padlefworth, one at Folkflone Turnpike, and a third at 
Swingfield. Thus the fide which connects that ancient fort 
with the other triangles is fhorter than was intended. But 
with fuch an inflrument as ours, and where all the angles of 
the triangles were obferved, no uncertainty arifes on that 
account. 


Art. VII. Difiin&ion of the Stations. 

Having affigned the reafons that rendered it eligible or ne- 
cefiary to change fome few of the flations propofed in the ori¬ 
ginal fcheme, it only now remains to enumerate the whole as 

diflinguifhed 
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di^inguifhed into two fets. .Firft, thofe which are perma¬ 
nently marked by pipes funk in the earth ; and, fecondly, 
thofe where the ihftrument was elevated to the top of fome 
tower, church fteeple, or other building. The plans of the 
platforms of this laft fet are given in Plate VIII. along 
with fuch di men lions as are neceflary to Ihew, with regard 
to the fide walls, the precife fpot over which the center 
of the inftrument was placed. As often as was poffible, thefe 
fituatious were further defined, by means of concentric circles 
defcribed on the leads. 

The ftations of the firft fet, marked with pipes, are fourteen 
in number, viz. 


Hampton Poor-houfe, 
King’s Arbour, 

St. Ann’s Hill, 
Hundred Acres, 
Norwood, . . . 

Botley Hill, , . . 

Wrotham Hill . . 

Hollingborn Hill, . 

Fair light Down, . 

Ruckinge, . . . 

High Nook, . . 

Allington Knoll, 


Padlefworth, . 


r the extremities of Hounflow Heath. 
1 bafe. 

about the middle on the eaft edge, 
near the weft end of the garden, 
towards the Croydon end of the heights, 
rin a field belonging to Limpsfield 
1 Lodge Farm. 

in a field belonging to Mr. Johnston. 
in a field belonging to Mr. Dupper. 
"347 feet fouthward from the Windmill, 
•j which makes with Fairlight Church, 
an angle of 105° 53' 20 // . 

J the extremities of the bafe of verifi- 
1 cation. 

r an artificial mount belonging to Sir 
I John Honeywood. 

{ eaftward from the Church, in the 
Broom-field belonging to Mr. Brock¬ 
man. 


Folkftone 
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Folkftone Turnpike . . weft ward from the Public-houfe. 

The Rations of the fecond fet, where the inftrument was 
elevated on buildings, are nine in number, viz. 

Hanger-hill Tower. 

Tranfit-room of Greenwich Royal Obfervatory. 

North-weft turret of Severndroog Gaftle, on Shooter’s Hill, 
Swingfield Church Steeple. 

North turret of the Keep of Dover Caftle. 

Lydd Steeple. 

Tenterden Steeple. 

Goddhurft Steeple. 

Frant Steeple. 


SECTION FOURTH. 

Calculation of the fenes of triangles extending from Windfor to 
Dunkirk , whereby the geodetical difanee between the meridians 
of the Royal Qbfervatories of Greenwich and Paris is deter¬ 
mined. Reference to be had to Plate IX. 


Article I. Excefs of the angles of fpherical above thofe of 

plane Triangles. 

IF the earth, or any confiderable portion of its furface, 
was a perfect plane, an inftrument, fuch as has been formerly 
deferibed, when applied on that furface, to determine by tri¬ 
gonometrical meafurement the extent of the plane part, would 
every where have its axis parallel to itfelf; and the fum of the 

three 
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three angles of each of the triangles, into whatever number, 
great or fmall, it might be divided, would conftautly amount 
to 18o°. But the earth being a fphere or fpheroid, it follows, 
that the fame inftrument, fucceffively adjufted at each of the 
ftations, will have its axis perpendicular, on a fphere, to an 
equally curved furface; on a fpheroid, to one unequally curved, 
in either cafe forming the horizon of the ftation ; and the fum 
of the three angles of fuch a fpherieal or fpheroidical triangle 
mull, as is known, always exceed 180°, lefs or more, in pro¬ 
portion to the lengths of the lides. When the triangles are 
very fmall, the excefs being of courfe fmall cannot poffibly 
be difcernible by common inftruments. Even the fineft, fup- 
pofing them free from error of divilion, will fcarcely render it 
perceptible, without the utmoft care in making the obferva- 
tions. This will be fufficiently exemplified in the following 
calculations, where a column is inferted containing the fpherieal 
excefs ; and another for the difference or error between that and 
the excefs of the fum of the obferved angles above 180 0 . From 
thefe it will appear, that, notwithftanding thegoodnefs of our 
inftrument, and the pains taken in ufing it, we have frequently 
failed in bringing out an excefs; and indeed the refults have 
even fometimes been in a fmall degree defective. 

It had been at firft propofed to multiply the obfervations as 
much as poflible, and particularly by fucceffively changing the 
zero of the inftrument to new points (Phil. Tranf. 1787, 
p. 219.), to meafure the fame angles on different parts of the 
circle, fo as to fubdivide any errors that might arife from in¬ 
accuracy of divifion, or fhake at the center. This principle, 
perfe&ly good in theory, and which was adhered to as far as 
the circumftances would permit, was neverthelefs found, on 
many occafions, to be impoffible in pradlice, without faeri- 
Vol. LXXX. Z ficing 
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Being much more time than we could afford, confidently with, 
the engagements entered into with the French Gentlemen, 
for the co-operation on the Coaft. At particular times, efpe- 
cially in hot weather, there was fuch a tremulous motion or 
boiling in the air, that it was only during a very fhort fpace, 
chiefly in the mornings and evenings, that the objects were 
fufficiently diftinft to be obferved with accuracy, So difficult 
it is to do any thing perfectly good in this way, that a whole 
day has frequently been fpent, after watching with anxious 
care, in obtaining a Angle one that was perfectly fatisfadlory I 
At fuch times as thefe it would have been abfurd to have 
attempted to change the zero, which always rendered it necef- 
fary to re-adjuft the inftrument by its levels. 

In very favourable circumftances of the weather a good ob- 
fervation by day is preferable to one by the white lights at 
night; becaufe, in the firft cafe, the obferver has time at his 
leifure nicely to bifetft a fine flag-ftaff, and repeatedly to read 
off the angle; whereas, in the (hort duration of the burning 
of the light, he is fomewhat hurried, from the fear of lofing 
fome of the lights at other diftant ftations, if two of them 
happened to come together, which now and then they did, 
from the irregularity of the rates of the watches of the artil¬ 
lery-men attending at the different ftations. It was, however, 
by the affiftance of the white lights only, that the moft diftant 
ftations could be rendered vifible ; and there cannot be a doubt 
that, in great trigonometrical operations of this fort, they will 
be univerfally adopted hereafter. 

Sometimes an obfervation has been entirely loft, or at leaft _ 
that which had been obtained was not thought a very good 
one. In fuch cafes a blank has been left in the column of 
obferved angles, and alfo in that exprefting the error. But no 
5 bad 
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bad confequence has arifen on that account, there being always 
Such other checks from the collateral ftations, as to leave 
nothing doubtful. 

On the whole, although, for the reafons already affigned, we 
have repeated the observations feldomer than was at firft pro- 
pofed; yet it will obvioufly appear from the refults, and parti¬ 
cularly from the near agreement between the meafured and 
computed length of the bafe of verification, that a few very 
good observations are greatly preferable to a mean that might 
perhaps have been obtained of many made in a hurry, which 
at belt would have been but indifferent. 

The quantity by which the fum of the three obferved angles 
of Spherical triangles Should have exceeded 180° was found as 
follows. 

Becaufe the excefs of the three angles of a Spherical 
triangle above 180 0 x earth’s radius = its area, therefore 

— — a — ■= excefs above l8o° in Seconds, if the area and radius 

Earth s rad. 

are taken in Seconds. Now, 60859.1 fathoms beingsi° on a 
mean Sphere, we get the, log. of the feet in a lecond = 
2.0061743, and twice this, or 4.0123486 is the log. of the 
Square feet in a Square Second. Therefore log. area in feet 
— 4.0123486 = log. area in Seconds; and the log. of the earth’s 
radius in Seconds being 5.3144251, we have area in feet 
-4.0123486-5.3144251 = log. area in feet-9.3267737 = 
log. excefs in Seconds; that is to fay, from the logarithm of the 
area of the triangle taken as a plane one , in feet , fubtraSl the con - 
Jlant logarithm 9.3267.737, and the remainder is the logarithm 
of the excefs above 180 0 in feconds nearly. 
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Art. II. Calculation of the Triangles. 
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N° of 
triangles. 

Names of the Nations. 

Obferved 

angles. 

Spheri¬ 

cal 

excefs. 

Diff. or 

error. 

Angies cor¬ 
rected for 
calculation. 

Diftances. 

■ 

Hanger-hill Tower 
Hampton Poor-houfe 
iKing’s Arbour 

O i u 

42 2 32 

67 55 39 

70 I 48 

a 

// 

0 / n 

42 2 24 

67 55 39 

70 x 47 

Feet. 



*79 59 59 

Q .29 

—1.29 



! 

t 

The Base between Hampton Poor-houfe and 
Arbour . 

Hanger-hill Tower from { g Zbov 

. King’s 

3r-houfe, 
ir . 1 

0 ® • 9 

» * • • 

« 0 0 « 

27404.7 

38461.12 

37922-57 

s 

St. Ann’s Hill . 
Hampton Poor-houfe 
King’s Arbour 

44 18 51.5 

61 26 22.1 
74 i 4 35 



44 18 5X.5 

61 26 33.5 
74 14 35 




1 79 59 59 - 6 

0.21 

— 0.61 



1 

_ j, , - f Hampton Poor-houfe 

St. Anns Hill from { Kin / S Arbour . . 

* • • ® 

i ■ • 

37754-25 
_ 34455-8 


Hence, in the quadrilateral formed by Hampton Poor-houfe , 
King’s Arbour , Hanger-hill Tower, and St. Ann's Hill , making 
nfe of the two obtufe angles, as contained within their refpec- 
tive known fides, we have for the mean diftance of the points 
of the acute angles at Hanger hill Tower and" St. Ann’s Hill, 
exprefled by a dotted line in the plan of the triangles, 68897.165 
feet. 


1 

III. ' 

j 


Wardrobe . Tower of 
Windfor Caflie 
King’s Arbour 

St. Ann’s Hill 

1 ft • 9 • 

62 40 27.5 
59 9 *4 

. . 

. • 

58 9 58-5 
62 40 27.5 

59 9 *4 





0.25 



1 

1 

! 


9 & 9 0 

34819.4 
36032.37 | 


N° 
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J73 


N° of 
triangles. 

Names of the Nations. 

Obferved 

angles. 

Spheri¬ 

cal 

excefs. 

DifF. or 

error. 

Anglos cor¬ 
rected for 
calculation. 

Diftances. 

f 

Hundred Acres 
Hanger-hill Tower 

St. Arm’s Hill 

o / // 

S 3 58 35-75 
68 24 44 

57 36 39 5 

// 

// 

0 / /j 

53 58 3&*5 
68 24 44 

57 36 39-5 

Feet. 

IV. - 




-1-83 




tt j j a r f Hanger-hill Tower 

Hundred Acres from 4 

[ bC Ann’s Hill 

• ft 0 

. - • a * a 

71934.2 
79211.22 

/ 

\T 4 

Severndroog Caftle, 
Shooter’s Hill 
Hanger-hill Tower 
Hundred Acres • 

53 31 10 

55 53 44-3 
7 ° 35 6.75 



53 3 1 9-75 
55 53 44 

70 35 6.25 


V. 


180 0 1.05 

1.18 

-0.13 

- 


1 

Severndroog Caftle from { HuX^ST." ■ 

t • . • 

84376.68 

74077.66 

■ 

Norwood 

Hanger-hill Tower 
Severndroog Caftle 

!07 53 37 

26 12 22.5 
45 54 i -5 



i °7 53 35-75 
26 12 23 

45 54 1-25 




l80 O I 

0.44 

+0.56 



■ 

Norwood from j 

jer* hill Tower 
mdroog Caftle 

• • • • | 

6 3673 - 3 i 

39 1 55- I 5 

vii. I 

I 

Norwood 

Hanger-hill Tower 
Hundred Acres . 

88 s 58 

29 41 20.75 

• • • . 



88 5 58.07 

29 41 21 

62 12 40.93 




o -53 




l 

i 

Norwood from Hundred 

Acres 

• • • • 

35648.21 

VIII. | 

TranfitRoom, Green¬ 
wich Oblervatory 
Severndroog Caftle 
Norwood » 

Ill 56 £0 

47 48 14 

20 14 58 



hi c6 50 

47 48 13 

20 14 57 

1 


180 O 2 

0.01 

+ 1-9 



( 

» i 

Greenwich Obfervatory from { Severndioog 

J [ Norwood 


• « . • 

14610.58 

31274.48 
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triangles ^ ames t ^ le ^ a ^ ons * 


Botley Hill 74 37 17,5 

Hundred Acres , 66 o 56.2 

Severndroog Caflle 39 21 46.25 



'*79 59 59*95 I °-78 ]-o 88 

Botley Hill from • 


Wrotham Hill . 
Botley Hill 
Severndroog Caflle 


f J Hundred Acres . 
rom | Severndroog Caflle 


54 25 I ' 

67 53 11 

57 41 49 


180 O I 


1.12 - 0.12 


Wrotham Hill from \ Motley Hill . 

! Severndroog Ca 


rrant 

50 

J 9 

*9 

Botley Hill 

57 

15 

11.2 

Wrotham Hill « 

72 

25 

31.2 


l80 

O 

1.4 


Frant from 


40.15 


Botley Hill 
Wrotham Hill 



Hollingborn Hill 
Wrotham Hill . 
Frant 


84 12 24.5 
48 28 37.5 


XT , TT . n r f Wrotham Hill 
Hollingborn Hill from j p rant 



Frant 

Hollingborn Hill 


Angles cor¬ 
rected for 
calculation. ' 

Difiances. 

0 / // 

74 37 

66 0 56 

39 21 46 

Feet. 

48726.75 

70194.76 

'5425 1 25 

67 53 10.25 
57 41 48-5 

O • * ® j 

* # * * ' 1 

7 2 953- 12 

79962.13 

50 19 18 

57 *5 15 

72 25 31 

» • © ' * 

90364.16 

79723-57 

47 18 59 

8412 23.5 

48 28 37.5 

• • % • 

1 

81196.58 

io 7 8 97-5 

4 8 2 5 55 

79 23 2 

52 11 3 

j 

113928.2 
14174.1 T 
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1 75 


ISP of 
triangle. 



Names of the ttations 


Goudhurtt 
Botley Hill 
Wrotham Hill 


Obferved 

angles. 

Spheri¬ 

cal 

excefs. 

Diff. or 

error. 

0 / // 

// 

// 

35 26 32.5 

40 4 42 

104 28 44 



09 59 5 8 -S 

I, 35 

-2.83 


Angles cor¬ 
rected for 
calculation. 


35 26 34*5 

40 4 42 


Pittances. 


Goudhurft from { wro^ham^Hil 


Goudhurtt 

Frant 

Wrotham Hill 


XV. i 


72 23 32.5 

75 33 16 

32 3 i2 - 8 



180 0 1.3 

0.81 

+0.49 


72 23 33.87 
75 33 j 3-63 
32 3 l *’S 


Goudhnrtt from Frant . 


r Hollingborn Hill 
| Wrotham Hill 
Goudhnrtt 


XVI. < 


63 46 44 

52 9 ”-5 

64 4 3-5 



*79 59 59 

1.22 

— 2.22 


144389.68 



I Hollingborn Hill from Goudhurtt 


Tenterden » 67 7 35 

Goudhnrtt . 68 13 21 

Hollingborn Hill . .... 


C>3 4& .47 
52 9 11 
64 4 2 


67 7 56.46 

68 13 19.5 
44 3 s 44*04 


71296.03 



Goudhurtt 
Hollingborn Hill 



Fairlight Down 

Goudhurtt 

Tenterden 


49 39 34 
94 59 26 


Fairlight Down from 



93 62 5‘92 

7 lfj 34*73 
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N 3 of 
triangles. 


Names of the llations. 


Allington Knoll 
Tenterden 


Obferved 

angles. 


o /■■■// 

48 24 38 


9 1 34 23 


Spheri¬ 

cal 

excefs. 

DifF, or 

error. 

u 

// 

1 

1.05 



Angles cor¬ 
rected for 
calculation. 


48 24 39 

40 o 58.96 
91 34 22.04 


Pittances 


Hollingborn Hill 
Tenterden 


73 0 27-5 
43 45 22 


0.67 


63 14 9.02 

73 o 27 
43 45 23-18 


54 59 * 8-5 

• • • * 

62 32 53 





0.99 




Fairlight Down from Lydd 


Fairlight Down 
Lydd . 

Tenterden 


Allington Knoll 
Lydd 

Fairlight Down 


Allington Knoll from Fairlight Down 
Lydd . 43 20 48.25 

Ruckinge . 48 58 49.75 

High Nook near Dym- 

church . 87 40 21.75 

*79 59 59-75 °*2i -0.26 

The Base of Verification' between High Nook 

and Ruckinge . '. , # 

t 11 r f Ruckinge 
Lydd fron, { 8 ook 


32 59 22.5 
125 42 0.25 



1 


o -33 


1 


[ 96036.45 
61775.34 


54 59 I 7 - 3 I 
62 27 50.18 
62 32 52.51 


32 59 23 
125 42 o 
21 18 37 


43 20 48.5 
48 58 49.5 

87 40 22 



28532.92 

4I533-89 

3*362-58 
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N° of 
triangles. 

Names of the Nations. 

Obferved 

angles* 


DifF, or 
error. 

Angles cor¬ 
related for 
calculation. 

Diftances.- 

I 

Allington Knoll 
Ruckinge , 

High-'Nook 4 

O / / ! 

91 27 20 

54 *9 17 

34 l 3 2r 

// 

// 

0 / // 

912719.5 
54 19 1 8-5 
34 13 22 

Feet, 

XXIV. J 


1 79 59 5 8 

O.O9 

— 2.09 : 



1 



* • « • 

• • • ... 

23184.931 

16052.44- 


Hence, in the quadrilateral formed by High Nook , Ruckinge •, 
Lydd, and AU'mgton Knolls making ufe of the two obtufe an¬ 
gles, as contained within their now refpeftive known fides, 
we have for the mean diftance of the points of the acute an¬ 
gles, at Lydd and Allington Knoll, reprefented by a dotted 
line in the plan of the triangles, 47849.27 feet. This dis¬ 
tance agrees accurately with the length of the fame fide in the 
XXth triangle, as given by the bafe meafured on Hounflow 
Heath. Here however it is to be remarked, that, in order to 
produce this agreement, the angle at Hollingborn Hill, be-, 
tWeen Allington Knoll and Fairlight Down, has been made 
48° 56' 28" inftead of 48° 56' 31"h being a difference of 
3 // | + , which, according to obfervation, it fhould have been. 
Had riot this reduction been made, the didance between Al¬ 
lington Knoll and Fairlight Down, being one of the fides of 
the XXIId triangle, would have been 106924 feet, that is to 
fay, i-I foot longer. Now, fince this fide, compared with 
the bafe of verification, bears nearly the proportion of four to 
one, it follows, that the real difference between the meafured 
length of that bafe, and its computed length deduced from 
that on Hounflow Heath, feventy miles to the weftward, or of 
Vol. LXXX. A a either 
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either bafe with refped to its oppofite one, amounts only to 

about 4 ! inches. 


N n of 
triangles. 



Names of the 
ftations. 


Obferved 

angles. 


Diff. or 
efror. 


Folkftone Turnpike 24 17 6.25 

Allington Knoll 76 I 54 
High Nook'. . 79 4 1 0.7^ 



Angles cor- 
re£ted for 
calculation. 


24 17 6.25 

76 1 53.25 

79 4 i O-S 


Diftances, 


Feet* 


180 o 


O.29 *40.71 


Folkftone Tu 


Allington Knoll 
Lydd 



Allington Knoll 
High Nook 


109 50 40 

38 2 24 




°-59 



55461.7 

54706.0 


32 6 56.89 : 

°9 5 ° 39-35 
38 2 23.76 


Folkftone Turnpike from Lydd 


108 9 34.5 

57 2 o 


108 9 34.5 

14 48 25.5 
57 2 o 


84659.88 


105 

9 

29 40.5 
38 29 

• • « 


lit 


0.27 



48303.7 

1471^82 


105 29 40 
9 38 29.36 
64 51 50.64 


Lydd 

Folkftone Turnpike 


12 

16 3 

[54 

. 5 54-75 

* 

* 


:fwO] 

rth from Fa 


12 16 2.65 

154 5 54.4 
*3 38 2.95 | 


79533-34 

14713.82 
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m 


I N° of 
triangles. 

Names of the 
ftations. 

Obferved 

angles. 

Spheri¬ 

cal 

excefs. 

Diff. or 
error. 

Angles cor¬ 
rected for 
calculation. 

Diftances. 

1 

Swingfield * 

Padlefworth 

F oik fto ne T urnpike 

0 / // 

48 38 15 

7 ° 54 5-5 
60 27 39.5 

// 

// 

0 / // 

48 38 15 

70 54 5-5 

60 27 39.5 

Feet, 

XXX. ' 


OO 

O 

O 

O 

O.06 

— O.O6 



1 

n . n 1 a r f Padlefworth 

wing e 10m | Folkftone Turnpike 

# • ♦ • 

• * • * 

17056.06 

18525.15 

XXXI. | 

Dover Caftle, North 
Turret 

Swingfield 

Folkftone 

34 39 26.5 
75 3 6 40 

69 43 53*5 

■ 

■ 

34 39 26.5 
75 3 6 4 ° 

69 43 53-5 



O 

O 

O 

GO 

w 

O.13 

-0.13 



( 

Dover Caftle from { Turnpike 

• « , • 

* • * * 

3 ° 559 - 3 z 

3 I 5 S 4 - 5 8 


Hence, in the quadrilateral formed by Falkjlone Turnpike, 
Swingfield , Padlefworth , and the North Turret of the Keep of 
Dover Cajlle , making ufe of the two obtufe angles, as con¬ 
tained within their refpe&ive known fides, we have for the 
mean diftance of the points of the acute angles at Padlefivorth 
and Dover Caftle 42561.18 feet; and hence, in the triangle, 
Dover , Folkjlone Turnpike , Padlefworth , we have the acute 
angle at Dover 15 0 i8 / 44 // f, and that at Padlefworth 34 0 29' 
42 // f, as were repeatedly obferved. 



Dover Caftle • 
Padlefworth 
Fairlight Down 


• • • • 

»5 2 15 2 5-5 

• * • • 




O.69 



Dover Caftle from Fairlight Down 


2* 37 53-42 
l S 2 5-*5 
6 6 3943 


186113.0 


N° 


A a 2 
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I N° of 

triangles. 

Names of the 
flat ions. 

Obferved 

angles. 

Spheri¬ 

cal 

excefs. 

DiC or 

error. 

Angles cor¬ 
rected for 
calculation. 

Diftances. 

Feet. 

168821.07 

245777-5 

i 

XXXIII. J 

l 

Dover Caftle . 
Fairlight Down 
Montlambert • 

0 / // 

* ® • . 

« ® * • 

// 

it 

0 / // 

87 30 29.58 
43 J 9 5 8 -5 2 
49 9 3*-9 

• • » 9 


7-4 


Montlambert from I E >0 7 1 e . r 

[ Fairlight Down 

XXXIV. | 

Fairlight Down 
Dover Caftle » 
Blancnez 

Bla 

• • • ♦ 

iii« 



25 33 55-02 
no 55 29.83 

43 3° 35-i5 

* * * * 

252469.9 

11 6655.93 


CO 

r f Fairlight Down 

ncnezfrom{ Dove f CaftIe _ 

J 

j XXXV. j 

Dover Caftle . 
Montlambert . 
Blancnez 

23 25 0.25 

• • • • 

* V ■ • 



2 3 2 5 °- 2 5 
36 53 18.11 

119 41 41.64 

• * • • 

77235.0 


OO 

sm 



Blancnez from Montlambert 


In this laft triangle, the angle at Blancnez, as determined 
with great care from a mean of many obfervations, by the 
French Academicians, was found to be 119 0 41'' that 

is to fay, iz".y lefs than what refults from our obfervations 
acrofs the Channel. This difference, which is the maximum 
of the error between us in the joint operation, being fmall, 
and of no real importance one way or other, with regard to 
the main point in difcuffion, ffnce' it only varies the diffance 
between Blancnez and Montlambert two or three feet* and 
the longeft ffdes of the triangles, which conned the two 
Coafts, by eight or nine;, it has therefore been judged beff not 

to? 
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to make any alteration whatever on account of that difference 
(except as will be mentioned underneath), but to proceed 
with our own fcale of diftances for fixing the relative fituation 
of Dunkirk; making ufe, neverthelefs, in the fir ft feven fol-, 
lowing triangles, from the XXXVIth to the XLIId inclufive, 
of the angles as ultimately fettled by the late French opera¬ 
tions, which Comte de Cassini has been fo obliging as to fup- 
ply us with for .that purpofe. The angles of the XLIIId and 
XLIVth triangles are taken from M. Cassini de Thury’s 
Book (La Meridienne verifiee) ; and thofe of the XLVth tri¬ 
angle refult from the combined operation. 

In conformity with the exception above alluded to, we have, 
in the XXXVIth triangle, added 3" to our angle obferved at Do¬ 
ver between Blancnez and the jleche of the fpire of Notre Dame 
at Calais ; that is to fay, inftead of 1 z° 46' 39^ it has been made 
12° 46' 42" t on a fuppofition, that the fpire may overhang fo 
much from the perpendicular towards Blancnez: becaufe the 
fpace between the pofition of the white light on the gallery, 
and the axis of the fpire, being carefully meafured by Dr. 
Blagden, correfponds to an angle of gf' r whereas the obfer- 
vation gave only a difference of 6 // . 


N° of 
triangles. 

Names of the ftations* 

Angles cor- 
reded for 
calculation. 

Diftances. 

XXXVI. < 

L 

N.D, at Calais • . » • 

Blancnez ilgnal - • 

Dover Caftle . . 12* 46' 39" 

_ __ —~ ^ t • r J Dover Caftle . 

N.D. at Calais from { Blancnez figual 

Excefs above 18o° izo' r , 84. 

0 / // 

47 27 6 

119 46 12 

12 46 4.2. 

Feet. 

137449.9 

350230 








N° of 
triangles. 

Names of the Nations. 

Angles cor¬ 
related for 
calculation. 

Diftances, 

XXXVII. j 

* Fiennes fignal. * , * 

Blancnez fignal , . 

Montlambert figqai 

r .. r \ c f Blancnez fignal . 

Fiennes fignal from 4 _, . , r i 

° [ Montlambert fignal 

o / // 

94 26 27 5 
51 18 27.3 
34.15 5.2 

1 ... . 

Feet. 

43600.8 

60464.4 

XXXVIII. | 

- N.D. at Calais •, „ • 

Fiennes . . 

Blancnez . . . 

N.D. at Calais from Fiennes 

64 2 1 43.1 

A6 24 2C.2 

69 13 5I.7 

45219.6 

XXXIX. « 

Watten . , 

N.D* at Calais . 

Fiennes » 

TT7- r r Fiennes 

Watten from 4 * T ^ t ^ , . 

[ N.D. at Calais j 

27 37 14.8 
66 30 36.2 
85 52 9 

89453-5 

97283.0 

> 

XL. < 

L 

Dunkirk . • 

Watten 

N.D. at Calais . . . j 

r\ t • i c f N.D. at Calais 

Dunkirk from { , T7 A 

[ Watten . j 

51 39 12 

85 57 46.5 
42 23 1.5 

• . • 

♦ • * • 

123734.8 

83616.2 

XLI. < 

^ V 

Mont Caffe! « • 

Dunkirk 

Watten. ; 

Mont~Caffel from | * I 

63 24 50 

42 7 12 

74 27 58 

.... 

■ 

!' 

62711.1 

90087.5 

XLII. * 

„J 

1 Hondfcote ' . . . 

Dunkirk 

Mont*Caffel . . 

„ ,r .a. c f Mont-CafTel ■ 

Hondfcote from j jQ un ^- r ^ 

93 3 1 34- 1 

5i 7 4-5 

35 21 21.4 

.... 

70260.7 

52228.4 

r 

XLIIL 

Dunes, fignal at the eaft end of the bafe • 

Dunkirk 

Hondfcote B •• 

Signal on the Dunes from j* j 

81 57 3° j 

4 8 43 23 

49 19 7 

9 • t « 

t • v « 

39641.0 

4OOOO.5 

’! 

XLIV. ^ 

Dunes fignal » ■ . . j 

Fort Revers, weft end of the bafe « 1 

Dunkirk . . 

~ . r f Signal on the Dunes 

Dunkirk from 4 ,, 

[ Fort Revers 

Fort Revers from the Dunes, the meafured bafe 

But this bafe by meafurement was 

5 19 47 

90 17 29 

84 22 44 
.... 

• * • • 

• . » . 

0 • • « 

40000. C 

3715- 6 

39808.7 

39801.7 

(’ 

The difference is 

.... 

7-° 


Ill 
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In order to complete the triangular connexion between 
Greenwich and Paris, there remains yet one triangle more (the 
XLVth) to be given, whereby we {hall be enabled to conned!: 
the point M near Dunkirk with Dover. For this purpofe it is 
neceffary to make Tome remarks on the Dunkirk bale; and 
alfo to {hew, from the French operations, how the point M is 
fituated with refpedt to Paris, Dunkirk, and Calais. 

M. Cassini deThury, in his book already quoted (p. 23. and 
54.) has informed us of the manner in which this bafe on the 
Strand near Dunkirk was meafured; and that its mean length 
amounted to 6224.36 toifes, which are equal to 39801.7 Eng- 
lifh feet. Thus it appears, that there is a difference as above 
Rated of feven feet in deleft, between the meafured and com¬ 
puted length of the 1 aft fide of a combined feries of 44 Britifh 
and French triangles, depending on a bafe meafured on Houn- 
flow Heath, and verified by another meafured in Romney 
Marfli. But a feries of 24 French triangles, founded on a 
bafe meafured near Paris, and correfted by another executed 
near Amiens, gives for the length of the fame bafe near Dun¬ 
kirk 39809.94 Englilh feet, and confequently only an excefs of 
15 inches with regard to our refult. This very near agree¬ 
ment in the determination of the fame length by two different 
feriefes of triangles, whofe extremities are fituated at fo great a 
diftance from each other, fufficiently proves the excellency of 
trigonometrical meafurement, and {hews to what a wonderful 
degree of accuracy operations of this fort may be brought 
when fine inftruments are made ufe of, and great care beftowed 
in the application of them. Doubtlefs fmall errors may havo 
arifen in the progrefs of the work, unfeen on both fides; but 
thefe falling fometimes one way and fometimes the other, they 
feem fo far to have compenfated for, or deftroyed each other. 
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that their effects have almoft wholly difappeared. With regard 
to the deficiency of feven feet found between the actual mea- 
furement with the deal rods, on the Strand near Dunkirk, and 
the trigonometrical refult, it is neceflary to call to remem¬ 
brance what would have happened, if the bafe on Hounflow 
Heath had been meafured with Our deal rods, when in their 
greatell ftate of expanfion from the moifture they had imbibed. 
In the volume of Philofophical Tranfaftions for 1785, p. 
438. it has been Ihewn, that our bafe would thereby have been 
rendered more than feven feet and a half too fiiort. Now, 
although the French rods were covered with feveral coats of 
oil-paint to prevent their imbibing the fait water, which we 
are told relied on the Strand at particular places fix inches 
deep ; yet it is prefumable, that it would be impoffible to pre¬ 
vent it from entering by the extremities at the jun&ion of the 
ferrules, and extending along the fibres, underneath the paint. 
Hence, in all likelihood, the intended remedy would prove 
worfe than the difeafe: for the paint might prevent the rods 
from drying fo foon as they otherwife would have done, and 
thereby the meafurement would be given ftill Ihorter than if 
no paint had been applied. Whether this fuppofition may be 
thought to be well founded or not, is left to the determination 
of thole who are converfant in matters of this fort. But the cu¬ 
rious fa£t, one way or other, might be afcertained by means of 
fuch a Heel chain as ours, in the Ipace of one or two days 
at moll. For, fuppofing the extremities of the bafe between 
Fort Revers and the Dunes to be accurately known, and the 
allignement traced out on the Strand only with camp colours, 
placed at reafonable diftances from each other, and a moveable 
cord, by the fimple application of the chain on the common 
furface, without any extraordinary apparatus whatever, for- 
4 wards 
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wards and again backwards, the distance might certainly be 
determined within a foot of the truth. And hence the impor¬ 
tance is obvious of having at all times fo accurate and eafy a 
mode of meafurement. 

On due confideration of all thefe circumftances, it will not 
be thought furprifing, that in fixing the fituation of Dunkirk 
and the point M near it, where the meridian of the Royal 
Obfervatory at Paris interfeCts a line drawn from thence to 
N.D. at Calais, the Dunkirk bafe, with the corrections de¬ 
pending upon it, are here rejected; and that the fcale of dif- 
tances furnilhed by the Britilh triangles is adhered to, as not 
differing fenfibly from the mean refult given by the other two 
French meafuuements. 

From M. de Cassini’s Book, ha Meridienne Verijiee , p. 51. 
53. and 56. it appears, that Dunkirk (rejecting the corrections 
formerly alluded to) is north from the Royal Obfervatory at 
Paris 125522.2 toifes, which are equal to 133775*3 fathoms. 
And from p. 51. and 57. it further appears that, by the mean 
of two fuites of triangles, Dunkirk is eaft from the meridian 
of Paris 1420.41 toifes, which are equal to 1513.8 fathoms. 
Again, at p. 276. of the fame Book, Dunkirk is faid tobe north 
125517 toifes, and eaft 1430 toifes, which are refpeCtively 
equal to 133769.7 and 1524.2 fathoms. And, laftly, at p. 
36, of the Defcription Ge'ometrique de la France, of the fame 
Author, publifhed in 1783, and which being the lateft fhould 
of courfe be the moft correCt work, Dunkirk is' made north 
from the Royal Obfervatory 125495 toifes, and eaft from its 
meridian only 1416 toifes, which are refpeCtively equal to 
133746,3 and 1509.1 fathoms. Now, without pretending 
here to enter into the inveftigation of the various corrections 
+ and — which have been applied to the angles of the tri- 
Vol. LXXX. B b angles, 
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angles, to bring out thefe different results, we (hall abide by 
the fir ft, that being immediately produced by the mean of the 
obfervations without any arbitrary corre&ion whatever; and 
being, with regard to eafting, nearly a mean between the two 
extremes; and fince we have it in our power to fettle with 
great precifion the longitude of Dunkirk, and likewife the 
point M, with regard to Greenwich, we fhall then be enabled 
to determine the difference of longitude between the two Royal 
Obfervatories within a mere trifle of the truth. 

By Comte de Cassini’s triangles, executed in the autumn of 
1787, and communicated in January 1789, it appears, that 
Hondfcote is fouth-eaflward from the meridian of Dunkirk 
67° 53' 20 // ; which angle being fubtraded from, the total 
angle between Hondfcote and Calais 144 0 53' 28 // > 5, being 
the fum of the three angles at Dunkirk in the XLth, XLlft, 
and XLIId triangles, there remains 77 0 o' 8A5 for the angle 
that Calais is fouth-weftward from the meridian of Dunkirk. 
And this lafl: angle being again fubtraded from 180°, we have 
102° 59 / 51 ".5 for the angle between the fame meridian pro¬ 
duced northward, and a line drawn from Dunkirk through M 
to Calais. 

Now the two diftances 133775.3 and 1513.8 fathoms being 
feverally reduced in the proportion of 39809.94 to 39808.7 
the two lengths affignable to the bafe on the Strand near Dun¬ 
kirk, as formerly eftablifhed, we have 133771.1 fathoms for 
the diftance in Britifh meafures of the parallel of Dunkirk 
from that of the Royal Obfervatory at Paris; and 1513.75 
fathoms for the diftance of Dunkirk eaftward from its meri¬ 
dian. Again, making ufe of the angle 77 0 o' 8A5, and its 
complement to 90°= 12° 59' 51 ".5, we have 1553.56 fathoms 
for the dired diflance between Dunkirk and the point M; 

2 alfo 
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alfo 358.6 fathoms for the fpace that M is fouthward from 
Dunkirk. But the diftance of Dunkirk from the Royal Ob- 
fervatory at Paris, given in the 276th page of M. Cassini de 
Thury’s Book, when reduced in the proportion of the two 
bafes becomes 133765.7 fathoms, and taking a mean between 
this number and that formerly found 133771.1 fathoms, we 
have for the mean diftance of Dunkirk from the Obfervatory 
133768.4 fathoms, from which fubtradfing 358.6 fathoms, 
the mean fouthing of M from Dunkirk, there will ultimately 
remain 133409.8 fathoms for the diftance between M and'the 
Royal Obfervatory at Paris, meafured on the meridian. 

Now, fince in the XLth triangle we have the diftance of 
N.D. at Calais from Dunkirk 1237,34.8 feet, if from this num¬ 
ber we fubtradi 1553.56 fathoms—9321.36 feet, there will 
remain 114413.4 for the diftance of the point M from Calais. 
Thus, with the fupplemental angle to 360° at Calais, viz. 
139 0 17' 33^.2, contained within its now known Tides, 
we are finally enabled to complete the XLVth triangle, and 
thereby to determine the fituation of M with regard to Dover. 


XLV. 


i N D. at Calais . . , 139 17 33.2I The fpherical ex- 

Dover Caftle . . 18 24 37.3 j-cefs above i8o° = 

M near Dunkirk . . 22 17 49.5 J a".42. 

* Feet. 


N.D. at Calais from 


Dover Caftle 
M near Dunkirk 


Dover Caftle from M 


3 37449*9 
11 44 1 3*4 
236273.7 


Alfo* Dover is from Dunkirk * * ® 243291.3 


Art. III. Refult of the trigonometrical operation , in as far as relates 
to the geodetic al fituation of the different fat ions, with regard 
to the Royal Obfervatory at Greenwich. 

Having, by the preceding calculations of the lengths of 
the fides and meafures of the angles of a continued feries 6 £ 

B b 2 forty- 
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forty-five triangles, determined the relative fituation of every 
Ration with regard to thofe neared adjacent to it, we are next 
to fnew, from thefe data, and the angles which Norwood and 
SeverndroQg Caftle make with the meridian of Greenwich 
Obfervatory, the fituation of each Ration with refpedfc to that 
meridian, to its perpendicular, and alfo the diredt or diagonal 
diftance with the bearing from the Obfervatory itfelf. Thefe 
various determinations are contained in the fix firft columns 
towards the left hand of the annexed table of refults, wherein 
the Rations are likewife diftinguifhed into two fets, as fituated 
to the weft ward or eaftward of Greenwich. 

By means of a fcaffold, perfectly fimilar in principle to that 
formerly defcribed, but more flight as being made for the tem¬ 
porary purpofe only, the ftand of the inftrument was raifed to 
the height of thirty-eight feet above the floor of the tranfit- 
room of the Obfervatory. At this elevation all the furround¬ 
ing objedts which we wifhed to obferve (St. Paul’s excepted. 
Which is hidden by the camera turret of the great room) could 
be diftindUy feen, and the angles between them and the fouth 
meridian mark accurately meafured. As that mark is but at a 
fhort diftance, namely, about 1500 feet from the tranfit, and 
confequently T l 0 -th of an inch correfponding to about a fecond 
of an angle on the mark, it was therefore very neceffary that 
the center of the inftrument fhould be brought with great pre- 
cifion over the center of the axis of the tranfit-telefcope un¬ 
derneath. In this operation, and indeed in every other while 
at Greenwich, the Aftronomer Royal gave us his bed: affiftance. 
In the firft place, the central point of the axis was determined 
by the interfedtion of diagonal lines drawn acrofs the fquare 
part in the middle. On this fquare part, when the telefcope 
was in its horizontal pofition, a bafon of quickfilver was 

placed, 
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placed, having a fraall crofs made of two thin bits of wood 
fitted to the infide of the bafon, and lying very near the fiur- 
face of the quickfilver, in fuch a manner as to make the center 
of the crofs co-incide with the interfedion on the bral's under- 
lieath. A fmall perfpedive glafs being then fixed in a move- 
able board under the center of the inftrument, this was made 
to Hide at right angles to itfelf in the direction of the meridian 
and that of the axis of the tranfit, until the center of the crofs co¬ 
incided with the axis of vifion in looking downwards. The 
board being there faftened, and the perfpedive removed, thein¬ 
terfedion of filk threads ftretched acrofs the board, marked very 
accurately the point correfponding with the center of the tran¬ 
fit, over which the center of our inftrument was brought by 
the help of the plummet. The feeond method was ftill more 
dired. Dr. Maskelyne had an objed glafs prepared for his 
tranfit telefcope of a focus fuited to the vertical height of the 
ftand of our inftrument above it. This glafs being applied to 
the tranfit, and the aperture contraded by a piece of pafte- 
board with a circular hole in the middle, a very fmall pin-hole 
being likewife made in the board at top, the fame was gra¬ 
dually moved by diredions from the obferver below, looking 
through the telefcope in its vertical pofition, until the pin-hole 
nicely co-incided with the axis of vifion. The inftrument 
was then brought as before, by the help of the plummet, 
exadly over the pin-hole. In this manner, which was that 
adhered to, no doubt remained of more than about x ’^th part 
of an inch, with refped to the center of the inftrument being 
in the interfedion of two vertical planes palling through the 
axis of vifion and that of motion of the tranfit underneath. 
After having remained a week, the co-incidence of the pin- 
i hole 
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hole with the axis of vifion of the telefcope was tried, and 
found to have fnffered no alteration. 

In the VIHth triangle, the angle at Greenwich, between 
Severndroog Caftle on Shooter’s Hill and the Ration on Norwood 
heights, hath been (hewn to be i n° 56' 50". By feveral obfer- 
vations on different parts of the circle, Norwood Ration was 
found to be weRward from the meridian 38° f i 6 // , which of 
courfe leaves for the angle that Severndroog CaRle is eaRward 
from it 93° 49'' 34 // ; and either of thefe two angles is fup- 
pofed to be within a very frnall fradtion of a fecond of the 
truth. 

Now, with the Tides and angles of the feries of triangles 
already known, and the angle 38° f 16" now given, which 
Norwood makes with the meridian of Greenwich towards the 
weft, it will be fufficiently obvious to thofe who are in the leaft 
acquainted with plane trigonometry, that the diftances of that or 
of any other Ration of, the feries, from the meridian of Green¬ 
wich and from its perpendicular, are eafily obtained. Never- 
thelefs, that thofe who are but little converfant wdth matters 
of this fort may themfelves be able to examine the computa¬ 
tions whereby the columns towards the left-hand of the an¬ 
nexed table have been fupplied, we fhall give one example, 
which will ferve for the whole. 

Suppofe (Plate X. fig. 1.) GM to reprefeut the meridian of the 
tranfit-room at Greenwich ; GW the perpendicular to that 
meridian produced indefinitely towards the weR; N the Ration 
at Norwood, and H that at Hundred Acres, whofe diRances 
are required, that is to fay, weRward from the meridian, and 
fouthward from the perpendicular: then through the Rations 
N and H, let dotted lines be drawn parallel to the meridian 
and perpendicular relpedtively, whereby four parallelograms 

will 
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will be formed. In the fir ft, or that which is neared to Green¬ 
wich, having GN in the Vlllth triangle given —31274.48 
feet, and the angle NGw = 38° 7' 16", with its complement 
NG^ = 51° S 2 ' 44 // » it follows, that N« rep relenting the dif- 
tance of Norwood weftward from the meridian 13=19306.54 
feet; and Np reprefenting its diftance fouthward from the per¬ 
pendicular is = 24603.86 feet. Again, by attending to, and fum- 
ming up the angles round the point N, we (hall find the angle 
GNH= 175 0 44 / 36 // .82,which wanting 4 0 15'23". 18 of 180°, 
(hews that the diredion of the fide NH inclines fo much more 
to the weftward than the angle NGot. Wherefore NGwrr38° 
7' 1 6" + 4 0 15'' 23''''. 18 = 42 0 22 ' 39 // .i8 = HNj, is the angle 
which the line NH makes with Nr, a parallel to the meridian of 
Greenwich drawn through the point N. Now, in the fupple- 
mental parallelogram, having the diagonal NH = 35648.21 
given in the Vllth triangle, and the angle HNj = 42 0 22' 39 ". 1 
alfo its complement — 47 0 37' 20".%2, making ufe of NH as 
radius, and thefe two laft angles refpedively, wehaverH = 
24027.36 feet for the fpace that H is more weftward than N; 
and wH= 26334.04 feet, that H is more fouthward than N. 
Hence *»N + rH =: 43 3 33.9 feet is the fpace that H is to the 
weftward of Greenwich ; and pN + wH = 50937.9 feet is the 
fpace that H is fouthward from the perpendicular to the meri¬ 
dian of Greenwich. Laftly, with thefe two given fides, and the 
contained angle 90°, we find the angle MGH=:40 0 23'' 18A54, 
that Hundred Acres is fouth-weftward from the meridian' of 
Greenwich ; whence the dired or diagonal diftance GH — 
66876.73 feet. Now, by referring to the table of refults, for 
the two firft ftations weftward from Greenwich, the numbers 
brought out in this example will be found in the left-hand co¬ 
lumns under their reipedive heads, and fo it would be with 

the 
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the reft. In another place we fhall have occafion to point out, 
how the columns towards the right-hand of the faid table have 
been filled up. 


SECTION FIFTH. 

On the difference between horizontal angles on a fphere and 

fpheroid. Plate X. 


IN the Paper of 1787, various computations were given 
concerning the figure and dimenfions of the earth, founded 
chiefly on the actual meafurement of different arcs of the 
meridian in different latitudes, fome of them very remote from 
each other. From the alternate comparifon of thefe refults it 
appeared, that the figure afligned to the earth by M. Bouguer 
in his fecotid fpheroid agreed better with thefe meafured por¬ 
tions of the curve, as fo many data, than any of the other 
hypothefes. Hence it naturally occurred, that the trigonome¬ 
trical operation which we were then about to commence 
might probably throw fome further light on this intricate fub- 
je£t, which, for a great length of time, has engaged a confi- 
derable fhare of the attention of the fcientific world. In the 
confideration of this matter, a new and curious point, not for¬ 
merly attended to, and immediately connected with our ope¬ 
ration, prefented itfelf for inveftigation, viz. fuppofing the earth 
to be a fpheroid, fuch as M. Bouguer’s, confderably flattened at 
the poles , what might be the difference between horizontal angles 
obferved with a fine inflrument on that fpheroid , and on a fphere ? 

The 
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The following folution * of that important problem, being the 
only unexceptionable one that 1 have received, is here given in 
the author’s (Mr. Dalby’s) own words. 

Let CE and CP (Plate X. fig. a.) reprefent the equatorial 
and polar femi-diameters of the earth, confidered as a fpheroid 
flattened at the poles; PE and PN two meridians ; pe and pn 
two correfponding ones (that is, in the fame planes) on a 
fphere, having the fame center C. Let the points a, b, A, B, 
on the fphere and fpheroid have the fame latitudes refpedtively. 
Draw the radii dC, ^C, and the verticals AG, BW. 

Then, becaufe the angles AON, BDE, in the fpheroid, are 
always equal to the latitudes of the points A, B, thefe angles 
are therefore refpeflively equal to the angles aCn , bCe, in the 
fphere, and confequently the verticals AG, BW, are parallel to 
the radii aC, bC. 

Let the latitude of B or b be greater than that of A or a ; 
and let it be required to make the horizontal angle PAr on the 
fpheroid equal to the angle pab> or what the horizontal angle 
would be on the fphere. 

Becaufe the angle pab is meafured by the inclination of the 
planes, aCb, aCp, and AG is the common interfe&ion of all 
the planes of the vertical circles at A, and is parallel to aC 9 
and in the fame plane; therefore, when the horizontal angle 
PAr is equal to the angle pab, the planes GAr, CA b, mu ft be 
parallel to each other; and confequently Gr, the line where 
the plane GAr interfe&s the plane of the meridian EP, is pa- 

* From my correfpondence by letter, and otherwife, with Dr. Ma.skf.lyne, I 
had reafon to hope, that he would have favoured me with fome communication 
on thisfubjeft. No doubt, he has been prevented by other bufmefs ; but he will 
probably give his method of folving fpheroidical triangles to the Royal Society on 
fome future occafion. 

Vol. LXXX. 


Cc 


rallel 



194 Gen. Roy’s Account of 

rallel to C b in the fphere, or WB in the fpheroid. Hence, if 
from G, the point where the vertical AG meets the axis, we 
draw Gr parallel to the vertical BW, it will give the point r in 
the meridian EP, making the horizontal angle PAr equal to 
the angle pab, or what the horizontal angle would be on the 
fphere. 

In like manner, if the angle PBu is to be made equal to the 
angle pbo , Wv muft be drawn parallel to GA, and the plane 
•uWB will be parallel to the plane A Gr; and therefore the 
angles of the fpheroidical triangles PAr, P-uB, as meafured by 
the inclination of the planes, are equal to each other refpec- 
tively, and equal to the fpherical angles of the triangle pab. 

From hence it follows, jthat if A be the place of an inftru- 
ment which meafures horizontal angles in the meridian NP on 
a lpheroid, and BT a flag-ftaff fet perpendicular to the furface 
of the earth on another meridian EP, the obferved horizontal 
angle PAB, between the meridian PA and the flag-ftaff BT, 
will be greater than it would be on a fphere (the latitudes and 
longitudes being the fame in both) as long as the latitude of 
the flag-ftaff is greater than that of the inftrument, the excefs 
being the angle BAr; but if the latitude of the inftrument is 
the greateft, as fuppofe it was at B, and the flag-ftaff at A, 
then the obferved angle PBA will be lefs than it would be on 
the fphere, the defe& being the angle ABu, which, becaufe 
the planes W-uB, GAr, are parallel, will be the fame as the 
excefs on the other fide. 

If the latitudes of the points A and B are the fame, the 
planes W*uB, GAr, will co-incide, or the verticals will meet in 
the fame point in the axis, and therefore the obferved angles 
will be equal to each other, and the fame as they would be if 
obferved on a fphere. 


Becaufe 
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Becaufe AG, ^W, BW, rG, are parallel to aC, bC, the 
angles *uWB, A Gr, will be equal to the angle aCb, or arc ab, 
therefore the arcs i)B, A r, will each be equal to the arc ab; 
that is, they are arcs of great circles of the fame value, in¬ 
tercepted between the meridians PN, PE, at B and A. 

Draw QR perpendicular to the vertical BW; then, becaufe 
BW and rG are parallel, it will alfo be perpendicular to rG ; 
and becaufe the axis PW is the common interfedlion of the 
planes of all the meridians, and BW, rW, are in the plane 
of the meridian PB, therefore GR is in that plane; and be- 
eaufe the angle WBr, made by the vertical and meridian, and 
the angle GRB, are right ones, therefore GR is equal to the 
arc Br nearly, and confequently is nearly equal to what fub- 
tends the difference of the horizontal angles on the fphere and 
fpheroid. 

And if GS be perpendicular to the vertical GA, it will be 
fequal to the arc Av nearly, and therefore GR, GS, or the arcs 
Br, Av, will be as the cofines of the latitudes of B and A. 

Draw AK the tangent to the meridian at A, to meet the axis 
CP produced; alfo draw AH perpendicular to the vertical AG, 
to meet Gr produced ; through H draw KHT, and join AT. 
Then, becaufe the points K, H, are in the plane of the hori¬ 
zon of A, the line KHT will be in that plane; and becaufe 
rH and BT are in the plane of the meridian BP, therefore HT 
is alfo in the fame plane, and is what fubtends the angle TAH, 
the true difference of the horizontal angles, which, when the 
fpheroid is given, may be determined as follows. 

From the nature of the fpheroid, find the length of the ver¬ 
tical AG; alfo the points G and W, where the verticals meet 
the axis: then, becaufe the angle AKG is equal to the latitude 
of A, and AGH is its complement, GK and AK will be gi ven. 

C c 2 Let 
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Let a and b on the fphere have the fame latitudes and difference 
of longitude as A and B on the fpheroid, and find the angles 
pab, pba, and the arc ab , or angle aCb; then becaufe AG is 
given, and the angle AGH equal to the angle aCb , AH will' 
be given; with AH and AK, and the included angle HAK. 
(equal to the fpherical angle bap) find the angle AHK, and 
alfo KH; then, becaufe the triangles KHG, KTW, are in the- 
fame plane (that of the meridian BP) and GH is parallel to 
WT, thefe triangles will be fimilar. Hence GK : HK :: 
WG : TH; now HA, HT, and the included angle AHT (the 
complement of AHK) being given, the angle TAH, the differ¬ 
ence of the horizontal angles, will be given. 

Example. Let the fpheroid be that of M. Bouguer ; and let 
the latitude of A be 49 0 40', of B 50°, and their difference of 
longitude o° 30'. 

From the nature of the fpheroid,' the radii of curvature of 
the meridian at the equator and the pole, will be 3465507 and 
3524069 fathoms nearly; their difference is 58562 fathoms,, 
the length of the evolute of the meridian; and the vertical 
AG = 3465 507 + tt * 58562 + 4. x 58562 x fine 49 0 4 o 7 1 4 + T + r 
; x 5H562 xTine 49 40T = 3509769.5 fathoms ; alfo OG = T s : r 
! X 58562+ T \ X 58562 X tine 49 40 7 l s —40307.66 fathoms; 
and DW = JL x 58562+ T * T x 58562 X lTne 50^ = 40397.23 
fathoms. Now, the angles GOC, WDC, being = the lati¬ 
tudes of A and B, we get CG = 30726.16, and CW = 30946.08 
fathoms, their difference being 219.92 fathoms = GW. 

The fides pa, pb, being equal to 40° 20' and 40° refpe&ively, 
and the included angle=30', will give the angle pab — 43 0 
51.48 .2, the angle/&? = 135 0 45' j 6 // .2, and ab t or the 
angle aQb , =27' 49'"'.7. 


Now 
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Now, by proceeding as directed above, we get GK = 
4604232.9, AK * 298ooo6.3,and AH= 284i2.2fathoms. Hence, 
the angle AHK.—135 0 45'' zo^.oS, and KH = 2979745.4 
fathoms; whence HT= 141.37 fathoms. This, with AH, 
and the included angle AHT = 44° I4 y 39 7/ .92 (the comple¬ 
ment of AHK) give the angle TAH =1 1' 58".p, the difference: 
between the horizontal angles on the fphere and fpheroid. 

Hence the obferved angles at A and B would be 43° 5 T 
+ ii , .5.8".9=44° 3' 47 / Ai, and 135 43' i6 // .2-ii / 58^.9, 
= * 35 ° 33 ' I 7 // - 3 - 

If the figure is an ellipfoid having the fame axes , the angle 
TAH will be found = 8' 4".4. 

It may be remarked, that the angle TAH, or the horizon¬ 
tal angle TAK, diminifhes or augments as the point obferved 
in TB is elevated or depreiled ; this variation is however too 
fmall to be worth attending to in practice, as may be fhewn in 
the following manner. 

.Let the fpheroid be M. Bouguer’s (becaufe the difference 
will be greater than on an ellipfoid); and let the points A, B, 
fig- 3 - have the lame latitudes and difference of longitude as ; 
above; alfo, let BT be the flag-ftaff, and through B draw 
GBn. 

Now, if we fuppofe B to be in the horizontal line nearly, 
the horizontal angle at A, taken between the north part of the 
meridian AP and the flag-ftaff at B, will be the angle BAP,, 
the telefcope in this cafe being pointed to B, and the vertical: 
plane which it would then move in is the plane nBGA ; but if 
the telefcope is directed to feme pointT in the flag-ftaff above B, 
the angle TAP in this cafe will evidently be lefs than it was 
in the former by the angle wAT nearly;, and confequently it 
diminifhes as the obferved point T is. elevated ; and it is alfo 
4. evident. 



i p8 Gen. Roy’s Account of 

evident, that it will be augmented as the point obferved 1$ 

below B. 

The latitudes of A and B being 49 0 4c/ and 50% and their 
difference of longitude 30', BG will be nearly equal to AG, or 
3509769 fathoms, and GR being equal to 141.36 fathoms, 
and the angle GRB a right one, we have BG (3509769) : rad. 
:: GR (141.36) : fin. 8 ", the angle GBW, or T Bn. Now, 
fupp’ofing the point T to be a mile above the furface, this with 
the angle «BT = 8", will give T n equal to about three inches ; 
but T n is in the plane of the meridian PBE, and confequently 
would be feen obliquely, if viewed from A, becaufe the angle 
ABT is about 135°, and therefore T n muft fubtend a very 
fmall angle at the diftance of 33I miles, which is nearly the 
diftance between A and B. 

From the determination of the horizontal angles that would 
be obferved at A and B (fig. 2.) on the fpheroid, if AP, BP, 
the co-latitudes of A and B are known, and the angles ABP, 
BAP, are given by obfervation, it follows, that the greater of 
thefe obferved angles muft be augmented, and the leflfer dimi- 
niflied, by the fame quantity of a degree, till the fum and dif¬ 
ference give the oppofite fides AP, BP, accurately by fpherical 
computation, and then the third angle, or difference of longi¬ 
tude, will be given : for the obferved angles at B and A being 
refpe&ively 135 0 33" 17 '.3 and 44 0 3' 47".!, we have fine 

* 35 ° 33 ' l 7 '" 3 + 11 ' -9 : fine AP » fine 44 0 f 47" 1 - 

iT 58".9 : fine BP accurately; but taking the angles that 
would be obferved, fine 135° 33' 17". 3 : fine AP :: fine 44° 3' 
47A1 : fine of an arc greater than BP; and fine f 
* fine BP :: fine 135 0 33' 17". 3 : fine of an arc lefs than AP; and 
this will {hew if the obferved angles are confident, as angles that 
2 ought 
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onght to be found by obfervation on a fpheroid flattened at 
the poles. 

Becaufe the fum of the obferved angles c at A and B on the 
fpheroid are equal to the fum that would be obferved on a 
fphere, the latitudes and difference of longitude being the fame 
on both, and the differences equal, therefore the fum for com¬ 
putation is the fame for both, and the quantity of each for 
computation on the fpheroid may be found from the following 

Theorem. 

In any fpherical triangle BPA (fig. 4.) if two of the fides 
PB, PA, and the fum of the oppofite angles, PBA + PAB, 
are given, it will be, 

As the tangent of half the fum of thefcles , 

Is to the tangent of half their diference ; 

So is the tangent of half the fum of the angles. 

To the tangent of half their diference. 

In the fpherical triangle abp (fig. 2.), as fine bap : fine bp :: 
fine abp : fine ap\ that is, on the fpheroid, fine BuP ; fine 
BP :: fine-uBP : fine AP. Now, the arc Bo? being = the arc 
ba, confidered as an arc of a great circle, it follows, that in 
the fpheroidical triangle uBP, if vB, BP, and the included 
angle t/PB are given, the other angles at P and v may be found 
by fpherical computation, but not the third fide <uP. Suppofe 
BP, Bv, are given, and the. included angle uBP a right one; 
then rad. : fine BP :: cotang. Bv : cotang, angle BP<u; there¬ 
fore, if the latitude of the point B, and the angle BW-n, or 
the quantity of the arc Bv, as an arc of a great circle perpen¬ 
dicular to the meridian at that point, are given on a fpheroid, 
the difference of longitude may be found by fpherical compu¬ 
tation, but not the latitude of the point v. 


But 
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But if the fpheroid is known, the latitude of a given point 
(i?) in a great circle perpendicular to the meridian, may be 
found nearly from What has been delivered above. Thus, as 
rad. : cofine BP :: cofine : cofine of an arc (PA) lefs than 
Pu, the co-latitude of v. Now, with the latitude (fuppofe of 
the point A) thus found, and the given latitude of B, find GS 
(fig. 2.) which will be very nearly equal to the arc Av, and 
the value of this, as an arc of the meridian, being added to 
PA, will give Vv, the co-latitude of v. 


SECTION SIXTH. 

Manner of determining the latitudes of the fatlons. Application 
of the pole-far obfervations to computations on differentfpheres , 
and alfo on M. Bouguer’s fpheroid , for the determination of 
the differences of longitude . Ultimate refult of the trigonome¬ 
trical operation , whereby the difference of the meridians of the 
Royal Observatories of Greenwich and Paris is determined ,, 
Plate X. 


Article I, Preamble , fhewing the general principles adopted 
for fettling the latitudes of the fations. 

In the Paper of 1787, fo often quoted, and which was in¬ 
tended only as a Iketch of the mode then propofed to be fol¬ 
lowed in conducting the recent trigonometrical operation, we 
had occafion to fhew, that the meafured arc of the meridian 
between the point M near Dunkirk, and Perpignan lituated at 

the 
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the bottom of the Pyrenean mountains, correfponding to an 
arc in the heavens of nearly 8°f of latitude, differed but little 
from what fliould be its true length, fuppofing the earth to 
have the figure and dimenfions afiigned to it by M. BouguER 
in his fecond fpheroid. Here, however, it is become neceffary 
to take notice of fome mifiakes * that, through inadvertency, 
were fallen into in the computed lengths of the arcs, which, 
although they affedt in a certain degree the accuracy of the 
numbers brought into comparifon, do not invalidate the general 
reafoning there advanced, and the only thing meant to be efta- 
blifhed, namely, that M. Bouguer’s hypothefis agreed better 
with adtual meafurement on different parts of the furface of 


* The miltakes adverted to in the text were of three kinds. Firlt, an erro¬ 
neous mode of fumming up the lengths of the arcs from the lengths of the 
degrees, although thefe taken feparately were very accurately computed : for 
inltance, the 43d was taken as that extending from 42 to 43, whereas it thou Id 
have been taken for the middle point, that is, from 42I to 43I, and fo on in 
regard to others. Hence the arcs are all made fomewhat too long. The fecond 
was the omiffion of the value of 93I toifes in eftimating the length of the 
celeltial arc between Greenwich and Perpignan, the feftor with which the liars 
Were obferved having Hood fo much to the-northward of the church of St. Jaumes, 
the point to which the triangular meafurement correfponded. The third-was 
fallen into from not knowing that the French obfervations of the liars had 
been corrected for the nutation of the earth’s axis, in a Paper of M. de la 
Caille’s, inferted in the Memoirs of the Academy of Sciences for the year 
1758, whereby all the lengths of the celellial arcs were thereby in fome degree 
changed from what had been affigned to them refpe&ively in the Book, La 
Meridienne verlfiee, publilhed in 1744. From the fame Paper it further appears, 
that they rejefted altogether their obfervations at Perpignan, as being probably 
affefledby the attraction of the Pyrenees. With regard to that part of the Table of 
Comparifon in the Paper of 1787, which is af-efted by thefe errors, the only 
thing that now can be done is to annex to this paper a corrected flip, which may 
be referred to occafionally, or cut off and palled over the former. 

Vol. LXXX, ’ D d 
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the earth, than any of the others with which it was com¬ 
pared. 

In proof of this, we need only for the prefent remark, 
what will be made fully to appear hereafter, that the diftance 
between the parallels of Greenwich and Dunkirk, or Green¬ 
wich and M, being now added (by our trigonometrical opera¬ 
tion) to the meafured length of the meridian of France, the 
meafured and computed fedtions of the united meridian will be 
found to agree almoft exa£Uy at Paris; that the excefs of the 
meafurement is but of the value of 3" or 4" at Bourges; only 
of h" at Rodes; aud even as low down as Perpignan, com¬ 
prehending in the whole an arc of the heavens of more than 
8°|, the excefs is not greater than what would anfwer to be¬ 
tween 1 6 // and if', the chief part of which is probably ow¬ 
ing to the attra&ion of the plummet of the feftor by the Py¬ 
renees. In the Paper of 1787, the effect had been affirmed at 
a quantity equal to about 10". But every thing on this head 
muff be confidered as merely matter of fuppofition, which 
cannot be determined one way or other until triangular mea- 
fu remen ts lhall have been extended beyond the Pyrenean moun¬ 
tains into Spain, and correfponding obfeiYations of the liars 
made on both fides with the fame inftrument, which fhould be 
one of the beft that could poflibly be invented for the purpofe. 
In the mean time, fince the French have rejected their own 
'obfervations at Perpignan, we fhall avoid drawing any conclu- 
lions with regard to latitudes from the obfervations to the 
fouthward, and confine ourfelves to thole immediately con- 
ne£led with our operation, made at the northern llations of the 
meridian. 

In carrying on the trigonometrical operation, it never was 
propofed that we fhould attempt to determine the latitudes of 

the 



the Trigonometrical Operation. 203 

the Rations, by actual obfervations of the zenith diftances of 

Rars, which, with the very beft inRruments hitherto ufed for 

that purpofe, could not have been done nearer than, about 

of an angle in the heavens, anfweringin thefe parts to 101 feet 

on the furface of the earth. Even if we could have been fupplied 

with a fedtor fo far furpafting the old ones (fuch perhaps as Mr. 

Ramsden rriay hereafter invent) that would have given zenith 

diRances to one-tenth part of a fecond, or about ten feet on the 

furface of the earth, the application of it in our operation 

* 

would have been mere lofs of time: for the ARronomer Royal 
having fettled the latitude of Greenwich 51 0 28' 40", to 
within lefs than half a fecond of the truth ; and the geodetical 
fituation of each Ration of our feries being determined fo accu¬ 
rately with regard to that point, as to leave no where an uncer¬ 
tainty of more than one or two feet; we have thereby been 
able to determine the relative latitudes to a fmall fraction of a 
fecond. Here, however, it is to be underRood, that we have 
adhered to M. Bouguer’s fcale, as anfwering almoR exadtly in 
the narrow fpace of 26' 51", or thereabout, of latitude be¬ 
tween Greenwich and M, to which our operations have been 
confined. 

That this mode of fettling the latitudes of our ftations is 
extremely accurate, will more fully appear from the following 
confiderations. In the general computation of fpherical tri¬ 
angles, a fphere whofe diameter is a mean between the longeft 
and (horteft of M. Bouguer’s fpheroid has been adopted, be- 
caufe it was obvious, that in our latitudes the degree of fuch a 
fphere could not differ fenfibly from the mean degree of the 
fpheroid. Thus the degree of the fphere 60859.1 fathoms 
anfwers (as may be perceived by confulting the table in the 
Paper of 1787) to the degree of the meridian on the fpheroid in 

D d 2 the 
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the latitude of 51® 5''. Again, if the total length of one- 
fourth part of the fpheroidical meridian of the earth, between 
the equator and the pole, 5,478094.4 fathoms be divided by 90° 
(Fig. de la Terre de Bouguer, p. 310. and 311.), we fliall 
have 60867.72 fathoms for the mean degree of the meridian, 
■which in the fame table will be feen not to differ fenfibly from 
that anfwering to the latitude of Greenwich ; in or near which 
parallel the curves of fuch a fphere and M. Bouguer’s 
fpheroid interfe£t each other, as will be readily conceived by 
referring to and confidering the rcprefentation of them, in 
Plate X. fig. 3. 

Art. II. Of the pole-far obfervations in general. 

It became neceflary, in the preceding article, to point out 
in What manner the latitudes of our Rations have been de¬ 
duced from their relative fituation with regard to Greenwich ; 
becaufe the method adhered to of fettling the differences of 
longitude by the obfervations of the pole-Rar, which could 
rarely be made except on one fide, that is to fay, at night, 
when the Rar was eaflward from the pole, implied as a matter 
of courfe, that the latitude of the Ration fhould be accurately 
known, for the computation of the Rar’s azimuth. With the 
declination of the Rar, fettled to fo great a nicety as it lias 
been by the ARronomer Royal, and the latitude of the place 
given, a fingle azimuth was fufficient for obtaining imme¬ 
diately the true -direction' of the meridian. Much time would 
have been ufelefily loR in attempting to get obfervations of 
the Rar in day-light when on the weR fide of the pole, whereby 
the double azimuth would have been obtained; and in that 
cafe the bife&ion of the angle would have given the true me¬ 
ridian of the place, without the knowledge of its latitude. 

3 For 
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For the purpofe of the pole-ftar observations a fmall table 
had been previously computed* of the exad times of the Star’s 
being in the eaft and weft; whence the moments of its greateft 
elongation were readily known. On thele occasions the Board 
of Longitude’s pramium watch, by the late Mr. Harrison, 
was made ufe of. Its rate of .going all the time that it was in 
the field in 1787, was very uniformly 9! Seconds a day fafter 
than mean time. But in the winter months the watch gra¬ 
dually changed its rate from plus to minus , and when it was 
carried into the field in 1788, and, during the five weeks that 
it continued there, it regularly loft on meaq time from 3! to 
4 feconds each day; having in that Short interim been twice 
compared in Argyll-fireet, with an excellent clock made by 
Gumming, with an improved Ellicot’s pendulum. 

With regard to thefe pole-ftar obfervations, whereby the 
differences of longitude, or the angles of convergence of the 
meridians towards each other, have been determined, it is 
neceffary to remark, that although fome few were made to the 
weftward of Greenwich, yet thefe were not at fufficient dif- 
tance from it, and alfo taken of too Short Sides, to afford 
refults that were perfectly fatisfadory and conclusive. It is on 
the obfervations to the eaftward only, and chiefly on thofe 
made at Goudhurft and Botley Hill, which are upwards of 
twenty-three miles from each other, and reciprocally vifible, 
that we have relied for the fcale of degrees of a great circle 
perpendicular to the meridian in thefe latitudes; whence thofe 
of longitude have been obtained. The obfervations made at 
Folkftone Turnpike, which is upwards of fifty-eight miles in. 
dired diftance from Greenwich, and where, fortunately, the 
double azimuth of the pole-ftar was obtained, are perfedly 
ebnfiftent with thofe taken at Goudhurft and Botley .Hill. But 

when 
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when at Fairlight Down we had no obfervations of the flar, 
being at that time fo much engaged with the other effential bufi¬ 
ll efs of the triangles, and particularly with the interfe&ion of the 
lights on the Coafl of France, as to render it impoffible to 
attend to any thing el/e, even if the weather had proved lefs 
unfavourable than it was at the period alluded to, for celeftial 
obfervations. 

Art. III. Pole-far obfervations at Goudhurf and Bothy Hill 
applied to computations on the mean fphere. 

Let B (Plate X. fig. 5.) be Botley Hill ; PBR its meridian ; 
G Goudhurfl; W Wrotham Hill; T Tenterden ; RG an arc 
of a great circle palling through G, and falling perpendicu¬ 
larly on the meridian BR ; alfo let * * reprefent the circle of 
the pole-flar’s apparent declination; and B*, G*, be two 
azimuth circles touching that circle. 

Augufl 14, 1788, at Goudhurfl, the angle 
#GT, or that betyveen the pole-liar, when at its 
greatefl apparent diflance from the pole on the eafl 
fide of the meridian, and the reverberatory lamp 

J A Q / it. 

at Tenterden was obferved fj • . 104 32 ip§ s 

The angle BGT, between the lamp at Botley 
Hill and Tenterden, was repeatedly obferved, 267 43 56 

Their difference = angle *GB is, * 63 n 36I 

f The obfervations of the pole-liar at Goudhurfl and Botley Hill were repeated for 
feverai nights at each place 5 but thefehere given are the moil exa< 5 L At Goudhurfl 
the angle which the flar made with the lamp being noted, the telefcope removed, and 
the plane of the inftrument being turned 180 0 , or half round, the telefcope re¬ 
placed and directed again to the flar, the difference on the circle was found to be 
only i";§. The fame method was univerfally adhered to in all places where 
obfervations of the flar were obtained*. At Botley Hill, in particular, the dif¬ 
ference between the readings was no more than i"f* 

Auguft 
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Auguft 23, 1788, at Botley Hill, the angle 
#BW, or that between the pole-ftar at its greateft 
apparent elongation and the lamp at Wrotham 
Hill, was obferved, . . . 76 21 37 

The angle WBG, by repeated obfervations, was, 40 4 42 

Their fum = angle *BG is, . . 1x6 26 19 

In order to obtain the ftar’s azimuth at each place, we may 
take, without producing any fenfible error, the latitudes of G 
and B, as they would be found on M. Bouguer’s figure, 
which we have already announced, and will hereafter prove to 
be confident with obfervation. Thus B, or Botley Hill, is 
fouth from Greenwich 728822 feet, and nearly on the fame 
meridian; wherefore its latitude will be 51 0 16' 4.1".54, and 
its co-latitude BP of courfe is = 38° 43' i 8 // < 46. Now, P# 
the apparent diftance of the ftar from the pole at that time 
beings 1 0 49' 22''.84, in the right-angled fpherical triangle 
P*B, we have fine BP : rad. :: P* : fine 2 0 54' 54 // .2 equal 
to the angle * BP, the liar’s azimuth from the north. And 
this being added to the angle *BG obferved u6° 26' 19", we 
have the angle * BP = 119 0 2P 13'''. 2 for that comprehended 
between the meridian and Goudhurft. 

The diftance of Goudhurft from the perpendicular to the 
meridian of Greenwich is 132592 feet, and its diftance from 
the meridian of Botley Hill, on a perpendicular to that meri¬ 
dian, is 106171 feet nearly = GR. Hence the latitude of the 
point R is 51 0 6' $2"$9 ; therefore RP=:38° 53' f'. 11, and 
RG=r 106171 feet=: 1 Y 19"."] nearly. Hence, as rad. : cofine 
RP cofine RG : fine 51 0 W 49" •'J-, the latitude of G nearly ? 
therefore GP —38° 53' io". 3 ; and P* the ftar’s apparent 
diftance at the time being i* 49' 25"’34-> we have the angle 

PG 
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PG#, the ftar’s azimuth = 2° 54'ac/'.S, which being fub- 
tradted from the angle BG* obferved at Goudhurft between 
the lamp on Botley Hill and the ftar, there remains the angle 
BGP = 6o° 1 1 ' l S"'l comprehended at Goudhurft, between 
Botley Hill and the meridian. 

Now with thefe data let us fuppofe, in the firft place, the 
earth to be a fphere,, whofe diameter is a mean between the 
longeft and fhorteft of M. Bouguer’s fpheroids, the latitude of 
B, and of courfe its co-latitude BP, given; alfo the angles 
PBG and PGB refpedtively 119° 2 d 13".2 and 6o° 17' is".?, 
we (hall then have PG the co-latitude of G, and the angle 
BPG or difference of longitude of B and G. And becaufe the 
degree of fuch a fphere contains 60859.r fathoms, the latitude 
of Botley Hill will then be 51 0 16' 4i // .45 > and BP its co- 
latitude = 38° 43' 1 8"-55- This laft fide, with the former 
angles PBG and PGB refpedtively 119 0 2T 13'.2 and 6o° 17' 
l S"‘7* g ive PG = 38° 53' 6"72 the co-latitude of G; and alfo 
the angle BPG, the difference of longitude of the points B 
and G equal to 27' 36 // .7« Again, in the right-angled 
fpherical triangle PRG, rad. : tang. GP :: cofine of the angle 
RPG : tang. 38° 53' 3 // .47 — RP. But the point R is 22094 
fathoms fouth from Greenwich, and nearly on its meridian, 
therefore its latitude will be 51 0 6 / 52 // .8 ; and hence PR the 
co-latitude will be 38° 53' j".2, which exceeds PR formerly 
found by fpherical computation to be 38 c> 53' 3' / .47 by 3".73, 
an arc equal to 63 fathoms. Alfo RG, the diftance of Goud¬ 
hurft from the meridian of Botley Hill, on a perpendicular to 
that meridian, is equal nearly to 17695 fathoms, which, allow¬ 
ing 60859.1 fathoms for a degree, correfponds to an arc of 
1 y' 26". 7. But fpherical computation formerly gave RG=: 
17' 20", the difference confequently is 6 // .7= 113I fathoms j 
therefore the earth cannot be this mean fphere, which was 

affumed 
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affirmed for the purpofe of exemplification, becaufe its degrees, 
in the direction of the meridian, differ fo little in thefe latitudes 
from thofe of M. Bouguer’s fpheroid. 

Art. IV. The fame pole-Jlar obfervations applied to computations 
on a Jphere of greater dimenfions. 

Let us fuppofe, in the fecond place, the earth to be a fphere 
of fuch magnitude as to have degrees of a great circle con¬ 
taining 61253I or 61254 fathoms, we fhall then get the lati¬ 
tude of B or Botley Hill = 51° 16' 46 // , the latitude of R = 
51° f i"2, and VR = 38° 52" 5 8".8 ; alfo RG = 1 f if'. 9 . 
Now, BP =38° 43' 13A9, and the obferved angles will give 
the angle BPG, or the difference of longitude =» if 36 ".the 
fame as before, and the arc PG or co-latitude of G— 3,8° 53' 
2".05 *. This laft fide, with the angle RPG=27 / 36". 7 of 
the right-angled fpherical triangle PRG, will give PR=38* 
52 / 58A8, and RG = i7 / ; that is to fay, the obferved 

angles PBG and PGB, at Botley Hill and Goudhurft refpec- 
tively, are nearly the fame as they would be found on a fphere of 
fuch magnitude as to have degrees containing 61253! or 61254 
fathoms. But fince the value of RG as an arc of a great cir¬ 
cle was before found by the triangles Bf’G and RPG to be 
if 20", when the latitude of B was taken as belonging to a 
fphere whofe degrees contained 60859.1 fathoms f and the 
fame arc as now determined, viz. if if'. 9, agrees very nearly 

* It is evident, that as the latitude of B increafes, the ftar’s azimuth, or the 
angle *BP, and confequentiy the angle PBG, increafe likewife. But at G th® 
angle PGB is diminiflied by the increafe of the angle * GP, or the azimuth ; and 
therefore if the difference of the latitudes of B and G remains the fame, or 
nearly the fame, the fum of the angles PBG, PGB, will alfo be nearjy the fame ; 
wherefore no fenfible difference in the angle BPG, or difference of longitude, will 
be found on this account. 

Vol. LXXX. 
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with the former, although the latitude of B be now taken on a 
fphere whofe degrees contain 61253! fathoms, it obvioufly 
follows, from thefe recent obfervations, that whatever the pre- 
cife figure of the earth may be, or the ratio between its diameters, 
the degree of a great circle upon it perpendicular to the meridian , 
cannot in thefe latitudes differ much in length from 61 2 fathoms. 

Art. V. The pole far obfervations at Folkfione Turnpike applied 
to computations on the fame greater fphere. 

Let G (Plate X. fig. 6.) - be Greenwich ; PR its meridian; 
F, H, and T, the Rations at Fairlight Down, High Nook, and 
Folkftone Turnpike, refpe&ively; alfo let PF and PT be me¬ 
ridians palling through F and T; and FR and Tr great circles 
cutting the meridian of Greenwich PR at right angles in R and r. 

At the Ration T, on the 7th of September, 

1788, at night, the angle between the pole-ftan, 
when at its greateft apparent elongation from the 
pole on the eaft fide of the meridian, and the re- 
verberatory lamp at H, was obferved, . 123 19 ' 3I 

On the following morning, Sept. 8th, the 
angle between the ftar, when at its greateft 
diftance on the weft fide, and the ftag-ftaff at H, 
was obferved, , . . 117 30 52! 

The difference or double azimuth is, . 5 48 iof 

And the half fum is, . . 120 24 57.87 

This half fum 120° 24I sy'dSj * is the angle PTH, or that 
comprehended between the meridian PT and H. The angle 

HTF, 

*, By takipg the latitude of T as determined on M. Bocguer’s fpheroid,— 
5 J° 5 ' 45"’3 nearly, the co-latitude or TP is equal to 38° 54' 14". j, and the 
Asa's apparent diftance at the time being 1° 48' 18 '.03, we have, as fine . 
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HTF, or that between the lamp at H and the white light® 
repeatedly fired at F, was twice obferved 22' 48 "; therefore 
120 0 24' 57".87 + 22' 48 // = 120° 47' 45.87 is the angle PTF, 
that the ftation on Fairlight Down makes with the meridian of 
Folkftone Turnpike. 

Now, rT being equal to 45827.88 fathoms, and RF = 
23884.68 fathoms, if we take 61253! fathoms = i°, we fhall 
have Gr — 22871 fathoms = 2 2' 24 // .i8; GR = 36436.1 fa¬ 
thoms = 35 / 4i // .42; rT = 44"' 53 // *4 5 and RF = 23' 2f'.y$ ; 
therefore PR, the co-latitude of R, will be 39° y' 1^.42; and 
that of r or Pr will be 38’ 53' 44". 18. Hence, in the right- 
angled fpherical triangle PRF, we fhall have the angle RPF = 
37'' 4". 901, and V¥ — g(f y' y". 294. Further, the triangle 
PrT gives the angle rPT=i° 11' 29".143, and PT = 
38° 54/ 5^.98. Now, i° II.' 29". 143-37' 4 // *90i = 34' 
24".242 =rthe angle FPT. This laft angle, with the two 
containing fxdes PT and PF, give the angle PTF = 120° 47' 
44 // -75, the fame as it was actually obferved very nearly. And 
hence we have another ft rang proof, that on this part of our 
earth the degree of a great circle , perpendicular to the meridian , 
cannot differ much in length from 61253! fathoms, whatever may 
be its real figure, which cannot be determined until thefe obferva- 
tions fhall have been compared with others that may hereafter be 
made in the fame way , and with equal care , in latitudes remote 
from each other. 

38° 54' I4".7 : rad. :: fine r° 49' i 8".03 : fine 2° <4' 5".I2 the ftar’s azimuth. 
Twice this angle, or 3 0 48 / io ,/ . 24 , a g rees very nearly with the double azimuth 
5 0 48' found by the obferyations on the 7th and 8th of September. This 

near agreement, at the fame time that it ferves to (hew the accuracy of thefe obfer- 
vations in particular, and the goodnefs of the mode that was adopted in general, 
ferves alfo to prove, that Dr. Maskelyne has fettled the declination of the pole¬ 
cat to great precifion. 


£ e 2 


Art. 



212 


Gen. Roy’s Account of 


Art. VI. The latitude of the point M near Dunkirk , and confe- 
quently the dijlance between the parallels of Greenwich and M, 
deduced from the fame length of a degree perpendicular to the 
meridian. Afo the comparifon of its length with that of the 
meridional degree. 

Again, let us fuppofe G (Plate X. fig. 7.) to be Greenwich j 
Pr its meridian ; M the point near Dunkirk, fuppofed to be in 
the meridian of Paris ; Mr a great circle palling through that 
point, and falling perpendicularly on Pr, Then, if we take 
61253! fathoms—i 0 , we (hall have rM (=89674. 7 fathoms)* 
=? i° 27'' and Gr ( = 25831.43 fathoms) = 25' iT'.iy. 

Hence Pr will be 38° 56 / 38".1 7 ; and therefore as rad. : cofine 
Pr :: cofine rM : fine 51 0 i / 58^5 the latitude of M; and 51 0 
28 / 4o // - 51 1' 58 // .5 =26'4i/ / .5 is the difference of latitude 
between Greenwich and M, or the diftance of their parallels. 
Now, as 3600" : 61253! 26' 41 'G5 ( = \6o\".f) : 27249.3 

fathoms; and this being added to 133409.8 fathoms, the meafured 
arc of the meridian between M and the Royal Obfervatory at 
Paris, we have 169659.1 fathoms for the length of the ter- 
rellrial arc of the meridian comprehended between the parallels 
of the two Royal Obfervatories nearly. But the length of the 
celeftial arc between them being 2° 38' 26" would, at the 
rate of 61253! fathoms to a degree, give= 161743.3 fathoms, 
which exceeds the meafured arc by 1084.2 fathoms. Therefore 
it is Jufficiently obvious, that the earth cannot be a fphere of thefe 
dtmenfons ; but it muf be an oblate fpheroid, on which a degree of 
a great circle, perpendicular to the meridian , in this way of con - 
fdering it, exceeds in length the mean degree of the meridian be¬ 
tween Greenwich and Paris in the proportion of 61253! to 
60842, or 411 f fathoms. 


Art. 
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Art» VIT. application of the refults of the pole-far obfervations 
to computations on M. Bouguer’s fpheroid , for the diflance-of, 
the parallels of Greenwich and Mi. 

Hitherto the.refults obtained, by the geodetical meafurement 
and pole-flar obfervations have been applied to fpherical com¬ 
putations on two fpheres fuited to the different lengths of de¬ 
grees found in two oppofite directions, at right angles to each 
other, the meridian and its perpendicular; and from thcfe 
computations it has been clearly proved, that the earth cannot- 
be either of the affirmed fpheres. 

Let us therefore, in the next place, fuppofe the earth to- 
have the figure and the dimenfions of M. Bouguer’s fpheroid^ 
and by way of comparifon apply the fame refults to computa¬ 
tions on that figure. Thus the latitude of the point r will be 
found 51 0 3' 12,7.05b and the arc rM= T zf ^9".03. Hence, 
as rad. : cofine rP :: cofine rM : fine 51 0 i / 48 // .§5 = the lati¬ 
tude of M nearly. Now, let the points r and M be rep re - 
fented by B and v (Plate X. fig. 2.) then will A reprefent the 
point whofe latitude is 51 0 T 48".S5 ; and by proceeding in 
the manner formerly directed for a fpheroidi we get GWr: 
15.12 fathoms = to the diflance in the axis between the points 
where the verticals from the latitudes^T 3' la^.op and 51 0 1' 
48".85 meet the faid axis. Hence, as rad.: 15.12 (GW) :: cofine 
51 0 1' 48 // .85 (angle SWG) : 9.509 fathoms = GS, or the arc Av 
extremely near. Now the value of Av, as an arc of the meridian, 
iszzo".56, vvhich being added to 38° 58' 1 x // . 15 (AP), gives 
38° 58' 1 \' , .ysz=zVv, the co-latitude of v ; and hence the true 
latitude of v , or M (fig. 7,), is 51 0 T 48".29, which being 
fubtra&ed from 51 0 28' 40", the latitude of Greenwich, there 
remains 26' 51 ".71 for the arc between them, or diflance of 

their 
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their parallels, which on this fpheroid correfponds to-27248.2 
fathoms, lefs only by 1.1 fathom than the fpace found, in the 
daft article, to anfvver to an arc of a6 / 4i // > 5, being the dif- 
tance of the fame parallels on the greater fphere. 

Thus the meafured length of the arc between Greenwich 
and M, 27248.2 fathoms, being added to the meafured dis¬ 
tance of M from the Royal Obfervatory at Paris, we have for 
the total length of the arc between Greenwich and Paris 
160658 fathoms, which exceeds the computed length of the 
fame arc on M. Bouguer’s hypothecs by no more than 71 
fathoms. 

But it hath been already fhewn, that whatever the precifb 
figure of the earth may be, a degree of a great circle upon it, 
perpendicular to the meridian, tiannot in thefe latitudes differ 
much in length from 61253! fathoms, being but i6| fathoms 
lefs than 61270 fathoms, the length of the correfponding 
degree on M. Bouguer’s fpheroid. 

As far therefore as we are enabled to judge from the refult 
of thefe obfervations, the earth differs but little either in its 
latitudinal or longitudinal dimenftons from what hath been 
affigned to it by M. Bouguer. 

Art. WM. Application of the pole-far obfervations at Bet ley 
Mil and Goudhurjl , for determining the length oj the degree of 
a great circle , perpendicular to the meridian. 

Since M. Bouguer’s fcale for the degrees df the meridian 
hath been found to agree almoft exa&ly with obferved latitudes 
in this part of the earth, let us take the latitudes of B and R 
(fig. 5.) as'they would be found on his fpheroid nearly, and 
apply‘the pole-ftar obfervations at B and G, in order to find 
the length of the degree of a great circle, perpendicular to 
7 the 
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the meridian of Botley Hill, paffing through Goudhurft. 
We (hall then have PB, the co-latitude of Botley Hill, 
=38° 43' i 8".46, and PR, the co-latitude of R, =*38 0 53' 
■y^.14. Now, if the latitudes of B and R are neatly true, it 
follows, that the point G muff be ffomewhere in the great circle 
KG, whatever may be its longitude. Therefore the angle BPG, or 
the difference of longitude between B and G, will be found in 
the following manner. 

Augment the obferved angle PBG r= 119 0 21' ig".2, and dimi- 
ni/h the obferved angle PGB = 6o° i f J ff'.y by the fame quantity of 
a degree , until PR determined from the triangle BPG becomes — 
38° 53 / y".i\ nearly ’ which will be when that quantity is f 
2i // . Thus the angles for computation will be 119 0 2i' if'.i 
•yf 2i / '~nf go' 34 // .a, and 6o° if iff'.y-f 21" — 
6o° f 54". 7 ; whence the angle RPG, or difference of lon¬ 
gitude between B and G, will be found = 27' g6".yg, and the 
arc RG r: 1 f 20".06 nearly = 17695 fathoms. And hence the 
degree of a great circle ., perpendicular to the meridian , of this 
new fpheroid, will , in the latitude of R, contain 61248 fathoms 
nearly. 

This follows as a corollary from what hath been already faid 
concerning fpheroidical triangles. 

But fince the difference of longitude between B and G was 
formerly determined to be nearly the fame, viz. zf gf" y, when 
the obferved angles at thefe two Rations, and alfo the latitude 
of B, were fuppofed to be on a figure different from this new 
fpheroid; it therefore follows, that the difference of longitude 
between any two ffations B and G, dijlant in the prefent cafe from 
each other twenty-three miles (and they (hould never be much 
lefs remote) may be found with fufficient exadlnefs , by having the 

horizontal 
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horizontal angles at each fatten obferved very accurately , and the 

latitude of one of the flations given nearly. 

The difference of longitude between Botley Hill and Goud- 
hurft, found as above, if being augmented by the 

•value of the final! arc comprehended between the meridians of 
Greenwich and Botley Hill — i" .y , we have ultimately 
af 39 // < 45 for the longitude of Goudhurff, .eaftward from 
Greenwich. 

.Art.. IX. Difference between obfrved angles on the new fpheroid 
a?id that of M. B o uguer . 

Laffly, on the fubjedt of thefe comparifons, Ict us fee what 
vwould be the difference, bet ween the obferved angles atB andG, 
as determined on the new fpheroid and on that of M. Bouguer ? 

The latitudes of B and G on M. Bouguer’s fpheroid would 
• refpedtively be 51 0 i 6 / .41^,54 and 51° 6 / 49".66 nearly, and 
the angle BPG, or difference of longitude, would bee: zy' 
3 ; 6 // .i8. Now, this laft angle, with the two co-latitudes PB 
and PG, as containing fides, and fuppoled to form a fpherical 
triangle, will give the angles at B and G refpedtively 119° 31' 
%b" ,\y an ^ f f'.iZ. But the obferved angles at thefe 
flations would be 119 0 it' 32 ".yy and 6o° 16' the 

.common difference between them being f $$".5, which 
is 32 // .,5 greater than f 21", as -was before determined. 
Hence we may conclude, that in this new fpheroid, 
founded immediately on the recent geodetical meafure- 
.ments and obfervations of the pole-ftar made at Botley 
Hill and Goudhurff, the verticals from B and G meet the 
earth’s axis at a lefs diftance from each other than they would 
in M. Bouguer’s fpheroid. The length of the vertical is 
ihorter .as well as the radius of the parallel, whereby Goud¬ 
hurff, 
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hurR, or the point R, is lefs removed from the earth’s axis 
than it would be on the former figure ; and confequently it is 
probable, that the fpheroid is lefs oblate. 

From the preceding determinations it is further evident, that 
fuppofing the latitudes of B and G, with the horizontal an¬ 
gles PEG and PGB to be given by- obfervation, not only the 
difference of longitude, or the angle BPG, will be obtained, 
but alfo the arc BR. of the meridian, the arc RG of a great 
circle perpendicular to it, and the oblique arc BG, all confi- 
dered as arcs of great circles of the fpheroid. 

Art. X. Further illuft ration of the manner of fettling the lati¬ 
tudes and longitudes of the fations comprehended in the general 
table of refults. 

Having fhewn, in the preceding part of this feftion, how 
the length of the degree cf a great circle, perpendicular to the 
meridian, and alfo the differences of latitude and longitude, 
have been obtained by very accurate obfervations of the pole- 
ftar made at certain ' Rations to the eaftward of Greenwich, 
whereby we have been furnifhed with a fcale for fettling the 
longitudes of all the other Rations where no obfervations of 
the pole-flar could be had, or only fuch as were not to be de¬ 
pended upon ; we.fhall, byway of further illuftration of-this 
matter, give another example of the calculations for the point 
M near Dunkirk, which will fuffice for all the other Rations 
comprehended in the general table of refults placed at the end 
of this fe&ion, where the refpe&ive columns have been filled 
up by the fame or a fimilar mode of computation. 

Let G (Plate X. fig. 8.) be Greenwich ; GRr its meridian; 
Gg the perpendicular to that meridian, produced eaRward ; 
MR a parallel to that perpendicular drawn through the point 
Vol. LXXX. F f M; 



218 Gen. Boy’s Account of 

M ; and let Mg' be a portion of a fmall circle of the fpheroid, 
or parallel to the meridian of Greenwich, produced from M 
northward, until it interfedfs the perpendicular in the point g. 
Alfo, let MP reprefent the meridian of the Royal Obfervatory 
at Paris, palling through the point M, and interfering the pa¬ 
rallel of Greenwich in P. Further, let C reprefent the 
church of Notre Dame at Calais, and making, as appears by 
the triangles, an angle RMG of 14 0 -51 ^ 3 /r *9 with the pa¬ 
rallel to the perpendicular of the meridian of Greenwich drawn 
through the point M» 

From the annexed general table of the refults of the tri¬ 
angles, it appears, that MR=gG contains 538048 feet = 
89674.7 fathoms; and that GR=gM contains 154938 feet~ 
25823 fathoms. Now, fince great circles, perpendicular to 
any meridian of the fpheroid, converge towards each other, 
as they depart from that meridian, in the fame manner as the 
meridians themfelves do in departing from the equator, but 
by a flower rate, it is obvious, that the perpendicular to the 
meridian of Greenwich, pafling through the point M, muft 
fall below or to the fouthward of R on that meridian, fo as 
that Gr ; GR :: rad. : cofine MR —i° 51 // , confidered as 
a portion of a great circle of the fpheroid, perpendicular to- 
the meridian of Greenwich. Hence, Gr will contain 2583 r.43 
fathoms = 25' 2 y".g of latitude, and therefore the latitude of 
r will be 51 0 3' 12".1, audits co-latitude 38° 5.6'' 47G9. Alfo, 
Rr meafures 8.43 fathoms, and fubtends an angle RMr = 

i9 // .42. 

In the right-angled fpherical triangle, pole rM, right- 
angled at r, making ufe of the half fum and half difference 
of the containing fides, r pole and rM, with the co-tan¬ 
gent 
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gent of 45 0 we have the angle of longitude r 
pole M, . . . . =219 4 2 5 

The angle, pole Mr, . , . =88 11 21.4 

And the complement of this lafl*, or the con¬ 
vergence of the meridian of M (fuppofed to co¬ 
incide with that of Paris) to the meridian of 
Greenwich, . ■ . . . = 1 48 38.6 

A Ho, as fine 88° 1i' 21T.4 : fine 38° 56'' 47^.9 :: rad. : fine 
38° ^8 / 1 i /y .2 the co-latitude of M ; whence its latitude be¬ 
comes 51 0 48 // .8, from which, deducting the fpheroidical 

correction o'".5, we have the true latitude of M=5i° i / 48 // .3. 
The difference between this and the latitude of r~ 51° 3' iz'.i 
will be i / 23 // .8, anfwering on the fpheroid to 1416.77 fathoms ; 
and this laft number being added to the value of the arc Gr = 
25831.43 fathoms, we have 27248.2 fathoms for MP, or the 
diftance of the parallels of Greenwich and M on this new 
fpheroid. 

Laftly, if to this mean diftance of the parallel of M from 
Greenwich, we add the mean diftance of the parallel of M 
from Paris = 133398.8 fathoms, we flhall then have 160647 
fathoms for the mean diftance of the parallels of Greenwich 
and Paris, anfwering to the celeftial arc of 2 0 38' 26''. 
Hence the mean degree of the meridian between Greenwich 
and Paris correfponding to the latitude of 50° 9T, contains 
60838.3 fathoms, or about if fathom lefs than M. Bouguer's 
degree for the fame latitude. 
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Art. XI. Compart [on of the tingle between the meridian of 
the point M and a line drawn from thence to Calais , as 
approximately deduced from, the Briiijh and french obfcr¬ 
eations. 

In the fpneroidical quadrilateral G^rM (fig. 8.), formed by 
three arcs of three great circles, and one of afmall circle of the 
fpheroid, we have two right angles at G and r, and two others 
at g and M, each greater than a right angle by 9". 7 ; there¬ 
fore the angle RMC, refulting from the triangles = 14 0 51' 3". 9 
-RMr (19".42) = 14 0 5c/ 44 // -5 + 9 °° o'. 9 ".7 (CM Ig) = 
104° 50' 54 // .2, is the angle gMC, or that which Calais makes 
with a parallel to the meridian of Greenwich drawn through 
the point M. From this laft angle fubtrafting the angle PMg 
= i° 48 y 38 // .6, or the quantity by which the meridian of M 
(fuppofed to co incide with that of Paris) converges towards 
that of Greenwich, there remains the angle PMC= 103° 2' 
if'A for the angle that the meridian of M fhould make with 
a line drawn from D, or Dunkirk, through that point to Ca¬ 
lais, according to the Britifh obfervations. 

By the late French operations, the meridian of Dunkirk 
makes, with a line drawn through M to Calais, an angle of 
202 0 59' 51"^. The convergence of the meridian of M to 
that of Dunkirk, on a difference of longitude of 2' 21 ".54, 
is 49' / .94, which being added to 102° 59' 51 "*5, we have 
10 f 1' 41 ".44 for the angle that the meridian of M, or of 
Paris* makes with a line drawn from Dunkirk through that 
point to Calais. The difference between the two refults 34". 1 6 

is nearly equal to the mean of two extremes ^ = 37 "$ > 

the apparent uncertainty, in the determination of that angle 

® by 
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by two fets of angles given in the Meridienne virifiee, as adverted 
to in the Paper of 1787, Phil. Tranf. Vol. LXXVILp. 195, 196. 

Art. XII. The longitudes of Dunkirk and Paris, eafward from 
Greenwich , determined by the fum of four differences of me¬ 
ridians. 

In fig. 9. let PA. be the meridian of Greenwich; G Goud¬ 
hurR, PR its meridian; T the Ration at FolkRone Turnpike, 
PS its meridian; C Calais, PC its meridian; D Dun¬ 
kirk, and PB its meridian. Alfo, let AG, RT, SC, and BC, be 
arcs of great circles, making the angles PAG, PRT, PSC, 
and PBC, right ones. 

The angle at GoudhurR, between its meridian and Tenter- 
den, is 107° 26'40 // .34 hence, by drawing parallels to this 
meridian through Tenterden and the Ration at Allington Knoll 
(fee the plan of the triangles) we fhall get 946.6 fathoms for 
what the Ration at the Turnpike is fouthward, and 28098.8 fa¬ 
thoms for what it is eaRward from the meridian of GoudhurR. 
Now, 60859.4 fathoms being nearly = i° of the meridian in the 
latitude of GoudhurR, we have 946.6 fathoms =» 56 // nearly rf 
the arc GR; and the latitude of GoudhurR being 51 0 6' 49 // .6, 
that of the point R is 51° 5' gf .6 ; hence the co-latitude RP 
= 38° 54' 6A4: and fince the degree of a great circle, per¬ 
pendicular to the meridian, in this latitude has been fliewn to 
contain 61248 fathoms nearly; therefore RT = 28098.8 fa¬ 
thoms, will be zf 3 1",(y. This arc and RP give the angle 
RPS = o° 43' 49 A '.86 for the difference between the meridians of 
GoudhurR and FolkRone Turnpike. 

The angle at FolkRone Turnpike between its meridian and 
Dover was obferved 66° 48' 35", and if we draw a parallel to- 
this meridian through Dover, we fliall find, , that Calais is 

25284.2 
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25284.2 fathoms eaftward from the meridian of the Turnpike, 
Now, the latitude of Calais being 50° 57'30" nearly (which 
is accurate enough for computation) the length of the degree 
of a great circle, perpendicular to the meridian in that latitude, 
will be 61246 fathoms nearly. Hence, 25284.2 fathoms =» 
24 / 46".8 = the arc CS ; this, with the co-latitude CP (39 0 z' 
30"), give the angle CPS = 3 9' 19". 4.8, for the difference of 
longitude between the Turnpike and Calais. 

By Comte de Cassini’s Paper, communicated in January 
1789, it appears, that the angle at Dunkirk, between its me¬ 
ridian and Broulezele, is io° i8 / 25"; and that between Broule- 
zele and Calais 66° 41' 46"%, the fum is 77 0 o' ii // | for the 
angle at Dunkirk, between its meridian and Calais. In the 
lame Paper we have 19349 34 toifes for the difiance of Dun¬ 
kirk from Calais; this, with the angle 77 0 o' n"i, give 
1 8853 > 7 toifes or 20093.3 fathoms for the difiance of Calais 
wefiward from the meridian of Dunkirk, which, by taking 
61246 fathomsm 0 (that of a great circle perpendicular to 
the meridian in the latitude of Calais), is equal to 19' 4i // .i 
rrrthe arc BC; and this arc, with CP the co-latitude of Ca¬ 
lais, give the angle CPB = 3i' 15'''. 11 for the difference be¬ 
tween the meridians of Calais and Dunkirk. 

The angle APR, or the difference of the me¬ 
ridians of Greeenwich and Goudhurff, has al¬ 


ready been found (fee the end of the 8th article, 

and alfo the table of general refults), . =0 27 39.45 

{ 1^- PS .. • . . —■ o 4 3 49 ■ ^ 6 

SPC . . . . =0 39 19.48. 

CPB . . . . =0 21 ic.n 


Hence the total angle APB, or long, of Dunkirk, is = 2 22 3. 9 


It 
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It hath been already remarked, that, from p. 276. Meri - 
dienne xerifiee, Dunkirk is 1430 toifes eaftward from the me¬ 
ridian of Paris; and that in p. 36. of the Defcription Geome- 
trique de la France , we find it only 1416 toifes. Now, thefe 
will give 2' 22".6 and 2' zi",2 refpe&ively for the difference 
of meridians of Dunkirk and Paris; the mean is 2' 21".9 for 
the longitude of Dunkirk eaft from Paris; therefore 2 0 2 2' 
3 // .9 — 2' 2i // .Q = 2° 19 42", or 9' iB^.8 in time, will be-the 
longitude of Paris eaft from Greenwich nearly. 

. Again, in fig. 10. Jet P be the pole; G Greenwich, PWits 
meridian ; RD an arc of a great circle making the angle at R 
a right one, and paffing through D; and DW an arc of the 
parallel of latitude of Dunkirk. 

By p. 240. of the Mem. de VAcad. 1 758, the celeftial arc 
between Paris and the ftation of the fedtor near Dunkirk is 
2° iff 50"; to which adding 5".3 (=84! toifes) for what 
the tower is north from the ftation, we have z° tff 55 // *3 for 
the arc between Paris and Dunkirk ; therefore, if the latitude 
of Paris is 48° 5c/ i4 // , that of Dunkirk will be 51 0 z' 9".3, 
whence its co-latitude becomes 38° 57' 50 // .7=DP. 

From what has been faid concerning fpheroidical triangles, 
it follows, by way of corollary, that to find RD by fpherical 
computation, when DP and the angle at P are given, it is 
neceflary to diminifti DP by a certain quantity determinable 
from the nature of the fpheroid; this quantity is about o". 5, 
when the fpheroid is M. Bouguer’s; therefore DP may be 
taken = 38’ 57' 30". 2, which is fufficiently accurate for com¬ 
putation. 

Hence, as rad. : fine DP :: fine 2° 22' 3",9 = WPD ; fine 
1° 29' i9 // .i7=the arc DR. Now, 61247 fathoms being 
equal to 1 0 of a great circle perpendicular to the meridian in 

the 
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the latitude of Dunkirk nearly, we have, as T : 61247 :: 

1° 29' 1 f'. 17 : 91175.8 fathoms™the arc DR. 

But the length of this arc DR has been found nearly the 
fame, that is, 91176.3 fathoms (fee the table of general re- 
fults) by continually drawing parallels to the meridian of 
Greenwich through the different Rations between it and Dun¬ 
kirk ; ( therefore, although that method in general is not ftridlly 
accurate, having a tendency to give the refults in excefs; yet 
it is evident, that the length of the arc of a great circle fo 
determined will differ very little from the truth, when the 
feries of triangles employed for that purpofe are contiguous to 
it, and follow its direction nearly. 

Art. XIII. For the dijlance between the parallels of latitude of 

Greenwich and Paris. 

The diftance between the parallels of Greenwich and Paris 
has already been determined in Art. X. of this fe&ion, by 
taking M (1420.41 toifes weft ward from Dunkirk) as the in¬ 
termediate point. Let us next fee what will be the refult when 
Dunkirk is made ufe of inftead of M ? 

In fig. 10. as cof. RD : rad. :: cof. DP : cof, PRrr^B 1 56' 
24A07 ; but DP by obfervation is = 38’ 57' 50°.y = PW; 
hence PW - PR = 38 57' 50 ",y - 38° 56' 24A07 = 1' 26A63 
= RW = 1464.5 fathoms nearly, by taking 60858 fathoms for 
a degree of the meridian, that being nearly its value in the 
latitude of Dunkirk. 

By our operation Dunkirk is 25425 fathoms fouthward from 
Greenwich ; but the great circle DR meets the meridian of 
Greenwich about Bf fathoms further fouth, that is to fay, GR 
is 25425+ 8.5=: 25433.5 fathoms, which being added to 1464.5 


Pives 
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gives 26898 for the diftance between the parallels of latitude 
of Greenwich and Dunkirk. 

Becaufe Dunkirk is fituated near the meridian of Paris, the 
diftance between the parallels of latitude of thefe places will be 
nearly equal to what Dunkirk is north from Paris, namely, 
125517!, or 125495 toifes (fee the pages formerly quoted). 
Thefe numbers give refpe£tively 133770 + 26898 j 60668, 
and 133746.3 + 26898 = 160644.3 fathoms for the diftances 
between the parallels of Greenwich and Paris, a mean between 
which will nearly be 160656 fathoms. 

If therefore the celeftial arc of the meridian between Green¬ 
wich and Paris is 2° 38' 26 // , we get 6o8xj.6! or 60837! fa¬ 
thoms for a degree of the meridian in latitude 50 0 </!, the 
middle point, between Greenwich and Paris; and a mean of 
thefe two refults 60841! only exceeds M. Bouguer’s degree 
for the fame latitude about i | fathom, a quantity not differing 
fenfibly from the defeat that was brought out by the compu¬ 
tation in Art. X. Finally, therefore, by taking a mean be¬ 
tween this and the former length 60838!, wefhall have 60840 
fathoms for the degree of the meridian in latitude 50° 9' 2.f\ 
agreeing almoft exadly with that of M. Bouguer. 

Art. XIV. Comparifon of the length of a degree of a great circle , 
perpendicular to the meridian in Kent , with that in the South 
of France. 

M. Cassini de Thury, in his Book La Meridienne verifiee , 
has given us the detail of an operation carried on in the South 
of France in latitude 43 0 32', for the determination of the 
length of a degree of longitude, by marking, at the extremi¬ 
ties of a long and well afcertained diftance, the inftantaneous 
explofion of gunpowder in the open air. For this purpofe a 
Vol. LXXX. G g leries 
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feries of triangles was extended along the fhore of the Medi¬ 
terranean Sea, between Cette and St. Viftoire, the extreme 
Rations from whence the light was repeatedly obferved, as 
fired at the church of St. Maries, nearly in a central fituation, 
at the mouth of the lefler branch of the river Rhone. 

From the refult of this operation, the beft of the kind that 
has ever been executed in any country, it appears, that a degree 
of longitude in that latitude meafures 44355.7 fathoms; 
whence it follows, that the degree of a great circle, perpendicular 
to the meridian there, mull contain 61182! fathoms, being 
65! fathoms lefs than the degree in the middle of Kent, lati¬ 
tude 51 0 6 ' 50". 

Now, if we compare this difference with that found between 
the correfponding degrees of great circles for the fame latitudes 
on M. Bouguer’s hypothefis, we fhall find them perfectly 
confident with each other in their rate of diminution : for, by 
confulting the table, it will be feen, that this degree in lati¬ 
tude 51° 6' 50" exceeds that in latitude 43 0 32'' by 64.7 fa¬ 
thoms, agreeing within lefs than a fathom with the former 
difference. 

On due 'confideration of fo many corroborating circum- 
Rances as have been adduced in the courfe of this fe&ion, 
there feems, therefore, to be fufficient room to conclude, that 
the earth differs but little either in its figure or dimenfions from 
what hath been afiigned to it by M. Bouguer. It is true, in¬ 
deed, that a new fpheroid has been here prefented, fomewhat 
lefs flat than the former, founded immediately on the Britifh 
obfervations; and thefe being again compared with the refult 
of the above-mentioned operation, whereby the degree of lon¬ 
gitude in the South of France was determined, it is from the 
combination of both refults that the annexed table of the 

lengths 
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lengths of degrees of great circles and of longitude has been 
conftrudted for middle latitudes only, extending from 42 0 to 
52°. Without the help of fuch a table, the new longitudes of 
fome intermediate places, which we fliall have occafion here¬ 
after to compare with the old, could not have been fo accu¬ 
rately computed as was wifhed. Now, although it is be¬ 
lieved, that this table will be found to anfwer nearly in that 
zone of the earth for which it is intended; yet it is only 
offered for temporary ufe, until future obfervations of the pole¬ 
cat in the fame parallel, but on longer diftances than our recent 
feries of triangles afforded, or the extenfion of operations of 
the fame nature with ours into remoter latitudes, fliall have 
furnifhed data for one more correct. 


Table of the degrees of great circles and of longitude for 

middle latitudes. 



Deg. of great cir- 

Degrees of longitude 

Places. 

Latitudes. 

cles, perp. to the 

in fathoms. 



meridian in fath. 




DifF. 

DifF. 


42 0 0 

6ii 7°-5 \ , - 

45458-5 1,!,, 


43 0 0 

61178. j 

44742.8 J ‘ 5 ' 7 

South of France * 

43 32 ° 

6x182.5 } 4-5 

44355-7 } 387- 1 


44 O O 

6I186.5 } 4. 

44013.9 } 341.8 


45 0 0 

61195. } 8.5 

4327 I -4 } 742.5 


46 0 0 

61203. } 8. 

42515.2 } 756.2 


47 0 0 

61211.5 } 8.5 

41746,1 } 769.I 


48 0 0 

6i220. } 8.5 

40964.2 } 781.9 

Paris Royal Obfervatory 

48 50 14 

61227.5 } 7.5 

40303.2 } 662.0 


49 0 0 

61229. } 1.5 

40169.8 } 132.4 


5° 0 0 

61237.5 } 8.5 

39362.8 } 807.0 


51 0 0 

61246.5 } 9. 

38542.7 } 820.1 

M near Dunkirk 

51 148.3 

61246.7 } 0.2 

385I8.-8 } 23.9 

Dunkirk 

S» 2 9-3 

61246.75} 0.05 

38514.1 } 47 

Middle of Kent 

51 6 49.6 

61248. } 1.25 

38450.0 } 64.1 

jGreenwich Royal Obferv. 

51 28 40 

61251.1 } 3.1 

38148.7 } 301.3 

1 „ i 

52 O O \ 

61255. } 3-9 

37712.3 } 436.4 


G § 2 


Art. 
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Art. XV. Comparifon of the old longitudes of fome places on the 

Jkirts of the kingdom of Prance •with what they will be when 

computed by the new data. 

If the preceding determinations of the longitudes of the 
feveral Rations between Greenwich and Dunkirk are accurate, 
or nearly fo, as founded immediately on the Britifh obferva* 
tions, and ultimately combined with the refult of the opera¬ 
tion in latitude 43 0 32', it follows, that all the longitudes of 
the great map of France, the labour of more than half a 
century, will be confiderably affedted thereby, in proportion 
to the distances of the places, eaftward or weftward, from the 
meridian of the Royal Obfervatory at Paris refpeftively. 

To Ihew the effect produced by the new data, we fhall col¬ 
lect, in the following table, the latitudes and old longitudes of 
a few noted places on the Ikirts of that great kingdom, and 
annex to them the new longitudes refulting from computations 
made with new lengths of degrees of great circles, perpendi¬ 
cular to the meridian, correfponding to their latitudes reflec¬ 
tively. It will readily be conceived, that the obje£l here in 
view is folely this; namely, that affronomers whp live near .thole 
places, and who have their time, that is to fay, the dire&ions 
of their meridians very accurately afcertained, may, by their 
future correfponding obfervations (which fhould only be occul- 
tations of the fixed ftars behind the moon’s dark limb) com¬ 
pare the old with the new longitude, and thus be enabled to 
fatisfy the curious world, which of the two comes neareft 
to the truth. 


Com- 
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Comparative table of the old and new longitudes of fome noted places 
on the Ikirts of the kingdom of France. 



Places, 

Latitudes. 

Longitudes, 

Diff. of old and new long. < 


Old. 

■. New. 

in deg s &c. 

in time. 

• 

CO 

r Pilier de Cette 

0 v // 

43 24 & 

0 / // 

1217 

0 / // 

1 20 37 

/ // 

0 23 

Sec. Thirds. 

I 22 

CS 

p., 

Tour de Planier, near Marfeilles 

43 ** 5 8 

2 54 8 

2 53 6 

I 2 

4 8 

S j 

Signal of St. Victoire 

43 3 i 5 2 

3 l 5 8 

3 j 3;58 

I IO 

4.40 

1 ^ 

Stralbourg (Conn, de T. 1788) 

48 34 35 

5 26 18 

i 24 6 

2 12 

8 48 

CTJ 

w 

Ditto (Defcrip. Geomet. 17 83, 

- p. 171- • 

48 34 5 ° 

5 2 5 0 

5 23 33 

I 27 

5 48 

to 

p-i 

^Tour de Cordouan at the mouth of 
the Garonne, Conn, de T. 1788 

45 35 *5 

3 3 ° 38 

3 29 18 

1 20 

5,20 

e ^ 

St. Malo , • • • • 

43 39 0 

4 22 22 

4 20 37 

1 45 

7 0 

0 

cS 

Fort du fiber, at the mouth of the 

1 Loire . . • 

47 2 29 

4.42 20 

4 40 30 

1 50 

7, 20 

£ 

..Ulhant Light-houfe . • 

48 28 30 

7 24 33 

7 21 41 

2 52 

11 28 


The greateft difference between Stralbourg and Ulliant 

. 

5 4 

20 16 


The leaft difference 


• 

• 

4 19 

1 7 36 


The mean difference 

• • 



4 - 4 I I 

l8 46 


With regard to the longitudes in the preceding table, it is 
only neceflary to obferve, that the two books of 1744 and 
1983, fo often, quoted, are not always confident with each 
other, and both do fometimes difagree with what has been 
placed on the margin of the map of France. It would feem,, 
that in the Description Geometrique a fcale for degrees of lon¬ 
gitude has been ufed confiderably greater than that correfpond- 
Ing with the fpherical hypothefis adhered to in the condruc- 
tion of the map, yet dill too fmall for what we have found 
to be their meafure in Kent, or that refulting from their own 
operations in the South of France. But if a fimilar mode to 
that which they prattifed with fo much fuecefs in the South 

had. 
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had been employed in the North of France, the fame fort of 
refult as we have obtained in Kent would probably have been 
the confequence; in which cafe it cannot be doubted, that the 
fpherical hypothecs would have been entirely rejedled, and their 
lengths of degrees of longitude would have been fuited to an 
oblate fpheroid, whofe degrees of the meridian and of great 
circles perpendicular to it had nearly the proportion to each 
other of 60840 to 61239 for the middle latitude between 
Greenwich and Paris, being an excefs of 399 fathoms on each 
degree in the longitudinal direction. 

On the whole, therefore, as matters hand at prefent, it is 
fufficiently obvious, that, in the total extent of the kingdom of 
France from Strafbourg on the eaft to Ufhant on the weft, the 
difference between the old and new longitude amounts to be¬ 
tween 17 and 20 feconds of time; that is to fay, the real dif¬ 
ference between the meridians of thofe places, it is prefumed, 
will not be found by future obfervations made on the occultations 
of the fixed ftars, to be fo great as it was formerly fuppofed to 
be by that quantity, or fomething approaching it very nearly. 

Art. XVI. The obfervations of eclipfes cannot be depended upon 
for determining with fufficient accuracy the difference of longi¬ 
tude in vicinal ftuations. 

Finally, with regard to differences of longitude, it may not 
be improper in this place to remark, that, in vicinal fituations, 
fuch as Greenwich and Paris, the eclipfes of the fun and 
moon and Jupiter’s fatellites do not, in general*, give refults 

* The refult deduced by the Profeffor Piazzi, of the Univerfity of Palermo, 
from the obfervations of the eclipfe of the fun on the 3d of June, 1788, made 
at Greenwich, in company with Dr. Maskelyne and M. d’Arqjtiek, as given 
in the Phil. Tranf. for 1789, p. 58. is an exception well worthy of notice 

2 fuffi- 
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fufficiently near the truth to deferve even the name of an ap¬ 
proximation. This will inconteftably appear by comparing 
the agronomical refult produced in that way with ours ob¬ 
tained by a£tual meafurement on the furface of the earth, and 
angular obfervations of the pole-ftar. Thus, by taking a 
mean of a multitude of the belt of thefe obfervations of 
eclipfes, &c. collected and corrected with great care for the 
purpofe, the difference in time between Greenwich and Paris 
amounts to 9'30^2 *, inftead of being only 9' 19" nearly, 
which our operation makes it. Now, if the difference in time 
between thefe two Royal Obfervatories was really fomuch, the 
degree of a great circle perpendicular to the meridian in thefe 
latitudes (51° 6 ' 50" that of Goudhurft, or 51 0 i / 48''' that of 
the point M, it matters little which of the two is taken) 
would be between 1200 and 1300 fathoms (horter than the 
degree of the meridian in the fame latitudes. Hence the 
earth, inftead of being an oblate fpheroid confiderably flat¬ 
tened at the poles, would be one extremely prolate, in propor¬ 
tion with regard to the former figure of more than three to 
one, or between 1200 and 1300 —to about 400 + . 

In remote fituations, fuch as Europe and America, Europe 
aftd the eaftern parts of Afia, feparated from each other by 
wide oceans, the differences of longitude can only be obtained 
by means of aftronomical obfervations. And as thefe will 
always be liable to feme error, which may be as great on a 
difference of one or two, or a few degrees, as on the whole 
180°, it is fufficiently obvious that, to render the effedt of fuch 


* From Dr. Maskelyne’s Paper of 1787, Phil- Tranf. p. 183. it appears, 
that the eclipfes of the lit fateilite of Jupiter give immediately for the difference 
of meridians of the two Obfervatories 9' without being combined with 

obfervations made in other parts of Paris. 


error 
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error as fmall as poflible, occultations of fixed liars fhould only 
be made life of, for obtaining conclufive determinations. 

In vicinal fituations, the next belt mode to angular mea- 
furement is no doubt that of marking, by means of well- 
regulated clocks, as was done in the South of France, the 
repeated inflantaneous explofion of light, obferved at llations as 
far diflant to the eaftward and weftward of the place of explo¬ 
fion as the circumftances will permit in praflice, thefe diftances 
having been for the purpofe accurately fettled by trigonome¬ 
trical operation. The preferable ftations for experiments of 
this fort will be pointed out in the conclufion to the prefent 
Memoir. 


Table 



Table containing the General Results of the 


__-___1. . ■ . ■ . .... 

Stations. 

Diftances 

from the Merid. 
of Greenwich. 

By Plane 

in Feet. 

from the Perp. 
to the Merid. 

T rigonometry. 

Bearing or 
Angle with the 
Meridian. 



Greenwich R. Ob. Tranfit Room 

« • 0 • 

■ 

• » . • 

0 i ti 

• • . • 


r 

Norwood - - - 

19306.54 

24603.86 

38. 7.16 

sw 



Hundred Acres - ^ 

43333-9 

5 ° 937-9 

40.23.18.5 

sw 

r Weft from 


Hanger Hill Tower - - 

67740.69 

16729.21 

76. 7 40.2 

NW 

{Greenwich i 

Hampton Poor-houfe - - - 

830S6.16 

18537.98 

77.25.20.3 

sw 



King’s Arbour - - 

102264.55 

1037.69 

89.25. 7.7 

NW 



St. Ann’s Hill v - - - « 

H94O4.O4 

28852.77 

76.24.55.7 

sw 



Wardrobe Tower of Wind for Caftle - - 

I 37 °S °-54 

2562.72 

88 - 55 - 43-5 

NW 



Botley Hill 

171.6 

72882.5 

0. 8. 5.6 

SE 



Severndroog Caftle on Shooter’s Hill 

14032.3 

4O69.8 

73 - 49-34 

SE 



Frant - - - 

62342.5 

138460.4 

24.14.23.6 

SE 



Wrotham Hill » - - - 

71850.3 

, 593 ° 5 * 8 

50.27.48.5 

SE 



Goudhurft • - ‘ -■ 

106342.5 

132592. 

38 43.50.1 

SE 



Fairlight Down 

143308.1 

218611.6 

33.14.46.8 

SE 



Hollingborn Hill - « 

151078.1 

77077.6 ' 

62.58.12.2 

SE 



Tenterden — - 

158317.6 

148567. 

46.49.II.4 

SE 



Ruckinge - 

204801.6 

149410.3 

53 - 53^-3 

SE 

from 


Lydd - - - 

2 ° 9339-3 

190695.6 

47.40.6 

SE 

ftfppnwirh i 


Ailington Knoll - - - j 

219926.3 

144032.3 

56.46.43.5 

SE 



High Nook near Dymchurch - - 

228246.4 

165672.9 

54 * I; 33-4 

SE 



Padlefworth 

261707.6 

130836.4 

63.26.16.8 

SE 



S wingfield 

273722.7 

118730:9 

66.33.2 

bE 



Foikftone Turnpike - * - 

274967.3 

137214.2 

63.28.47.6 

SE 



Dover Caftle, north Turret of the Keep 

303766.8 ; 

124319.1 

67.44.34 

SE 



Montlarribert near Boulogne - 

382889.6 

2 73 + 5 o *3 

54.27.59.4 

SE 



Blancnez - . fL 

HseEkiBK** 

*97 r 53-5 

63.28.8 

SE 



N. D. at Calais 

427456.6 

184263.3 

66.40.50.2 

SE 



Point M near Dunkirk, Merid, R. Ob. Paris 

538048.2 

154938*2 

73.56. 7.2 

SE 


X. 

Dunkirk - - - 

547058.1 

I 5 2 549 - 1 

74.25* 7.2 

SE 
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metry. 

: • 

g ov 
ith the 
lian. 

Direft DHL 
from 

Greenwich. 

Latitude. 

Longitude. 

Vertical Heights. 

in Degrees, &c.. 

in Time. 

Ground 
above the Sea, 

Telefcope 
above Ground. 

T otal. 

, 


Feet. 

0 / // 

0 

/ it 

nw s. th. 

Feet. 

Feet. 

Feet. 

• 

• • 

• • • 

51.2840 




170.5 

43*5 

214 

) 

sw 

31274.48 

51.24.37.34 

' 0. 

5. 2.4 

0.20. 9.6 

380.3 

9-2 

389.5 

8-S 

sw 

66876.73 

51-20.17.3 

0.111.19.5 

0.45.18. 

4338 

9,2 

443 

0.2 

NW 

69775.8 

51.31.24.16 

°*i 

1746-5 

1.11. 6. 

213. 

38. 

251 

°-3 

sw 

85129.1 

5 I .25-35-2 

o.Bi.45.3 

1.27. 1.2 

63*5 - 

37*5 

101 

7*7 

NW 

102269.8 

51.28 47.16 

0.126.48.5 

1.47.14. 

94.8 

37*5 

1 3.2-3 

5*7 

sw 

122840.6 

51,23.51.4 

0.31.14*7 

2.4.58.8 

3 2I -3 

20.7 

342 
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the Trigonometrical Operation, 


SECTION SEVENTH. 

An Account of the obfervations made during the courfe of the 
trigonometrical operation for the determination of terrejlrial re- 
fraSHon, Plate X. 


Article I. Preamble. 

ASTRONOMICAL refradion, or that which the rays of 
light fuffer in palling from the heavenly bodies to our earth, 
hath, by the inveftigations of different philofophers, been nearly 
afcertained. From the theory of dioptrics, as well as expe¬ 
rience, it hath been proved, that the rays, in coming from a 
very «are into a very denfe medium, are gradually bent down¬ 
wards, out of their redilinear diredion, into lines more or 
lefs curved in proportion to the angular diftance of the objeds 
from the zenith, where obliquity ceafing, refradion ceafes 
likewife; fince from that point light takes the fhorteft route 
through the refrading medium to the eye of the obferver. 
Hence it follows, that the apparent altitudes of celeftial ob¬ 
jeds are greater than they otherwifg would be by the quantity 
of this refradion, which is greateft at the horizon, amounting 
there to 33''. 

The late Dr. Bradley from his experience has (hewn, that 
in the mean Rate of the barometer taken at 29.6 inches, and 
of Fahrenheit’s thermometer at 50°, the refradion at 45 0 
of altitude is 57" (according to Dr. Maskelyne only 56 // |). 
Vol.LXXX. Hh In 



234 Gen. Roy’s Account of 

In other Rates of the atmofphere, it varies with the height of 
the barometer, and inverfely with that of the thermometer 
augmented by the number 350 to the number 400. 

It is therefore obvious, that terreftrial objects as well as 
celeftial, muff fuffer a refraction greater or lefs, according as 
they are lefs or more removed from the horizon ; and’that fup- 
pofing celeftial refraction to be perfectly afcertained, the mea- 
fure of the lower part of any of its curves, co-inciding with 
a particular objeCt on the furfaceof the earth, lhould give the 
quantity by which the apparent altitude of that objeCt would 
exceed its real altitude, or what would be its angle of eleva¬ 
tion, if no fuch effeCt as refraCtion did exift in nature. 

The inftrument made ufe of in the triangular operation was 
extremely well calculated, as will be remembered from its 
defcription, for meafuring with much exaCtnefs fmall angles of 
elevation or depreffion, and confequently was in that refpeCt 
very fit for the purpofe, if the multiplicity of other bufinefs 
we had on our hands at the time had permitted refraCtion to 
become a primary, inftead of being only a fecondary objeCt, 
This will readily be conceived by thofe who have any idea of 
the trouble of conducting, efpecially at a fate feafon of the 
year, an operation of the nature of that in which we were 
engaged. Along with the lights on the French fide of the 
Channel, we had by day as well as by night our own inland 
obfervations to attend to; the very circulation of orders to the 
men polled at the different Ration's from twelve to fifteen or 
twenty miles off, in different directions around the horizon, 
when any part of the arrangements failed, fo as to render a 
repetition of lights neceffary, was not a matter of fmall 
detail. 
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But befideS the important bufinefs of the triangles, which 
engrofled almoft our whole attention, it is fufficiently obvious, 
that, in order to have been enabled to make conclufive obferva- 
tions,' the relative heights of the Nations fhould in flridtnefs 
?ill have been afcertained by levelling: for purpofes of this fort 
geometrical determinations, however good in other refpefts 
they may be, fhould not here be admitted, becaufe they in¬ 
volve the very point in queffion, that is, the height, which 
fhould be obtained independently of angular meafurement. 
Befides barometers and thermometers at both ftations, two ob- 
fervers and two inflruments of the fame kind would have been 
neceffary, for taking at the fame inftant the reciprocal angle of 
elevation and dfep'reffion *. 

Although, therefore, in our fituation the circumftances did 
not admit of conclufive obfervations on terreftrial refraftion, 
confidered either by the mean or its extremes; neverthelefs, 
fince in a variety of cafes angles both of elevation and depref- 
fion were reciprocally obtained at the fame ftations, but at dif¬ 
ferent times, it is hoped, fuch new light will be thrown on the 

* Dr. Maskelyne, in a letter that I lately received from him, remarks, that it 
would be of ufe to have a perfon to note the thermometer at the objeCt as well as at 
the flation of the obferver, whereby (if niceties of this fort were of confequence) 
the refraCtion might be more accurately computed by the application of anew cor¬ 
rection. Thus, calling r—— — T Vth of the arc of diftance; h — the height of 

10 

the uniform atmofpherc; t = the difference of the thermometers at the two 
flations ; *=:the difference of altitude of the two flations above a common level; 

the correction would then he~-hi— ; and the true or whole refraftion would 

400^ 

frp — r-p rt ^ according as the thermometer flood lower or higher at the upper 
400 x 


flation. 


H h 2 


matter 
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matter as may poflibly hereafter lead to further inveftigadons 
of this curious, but at prefent vague and indetermincd fubjeft: 
for from thefe obfervations it will appear, that terreftrial re¬ 
fraction, inftead of being Ath of the comprehended arc, accord¬ 
ing to M. Bouguer, -J-.th according to Dr. Maskelyne, 
r l + -th according to M. Lambert, varies from j to _* T th part 
of that arc; and perhaps, if it had been poflrble for us to have 
tried it on heights confiderably more elevated, we fhould have 
found it almoft wholly to vanifh. 

Art. II, Relative heights. 

Before we proceed to give any account of the obferved angles 
of elevation or depreffion, at the Rations reciprocally, for try¬ 
ing the quantity of terreftrial refraction, it will be proper to 
call to remembrance, that, in the meafurement of the bafe on 
Hounflow Heath, the mouth of the pipe at Hampton Poor- 
houfe was (hewn to be elevated about 60 feet above low-water 
fpring tides at the fea, as far as could then be determined by 
referring it to the furface of high water at Ifleworth ; and that 
the extremity of the bafe near King’s Arbour was found by 
levelling to be higher than the former end by 31 feet 3 inches. 

The mouth of the pipe at the fouth-eaft end of the bafe of 
verification at High Nook near Dymchurch, in Romney Marfh, 
Lieut. Fibdes found by levelling to be above low-water mark 
at fpring tides 22.1 feet. 

The top of the parapet of the north turret of the Keep of 
Dover Caftle was found by Lieut. Hay, of the Royal Engi¬ 
neers (by levelling from the top of the cliff at Queen Eliza¬ 
beth’s gun downwards, .and adding to that the height of the 
7 ground 
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ground and Caftle above the faid gun) to be 465.8 * feet above 
low water at fpring tides. Having alfo meafured a bafe for the 
purpofe, he determined the height of the cliff geometrically, 
which agreed within lefs than a foot of the refult by levelling. 
In juftice to this very meritorious Officer it is incumbent on me 
to fay, that not only on this occalion, but on every other during 
the progrefs of our operations near Dover, his affiftance was 
moft effentially ufeful. 

The height of the ball of St. Paul’s above the Thames at 
Paul’s Wharf, and the height of Shooter’s Hill Jnn above the 
Gun Wharf in Woolwich Warren, were feverally determined 
in 1773, at which time the experiments were carrying on for 
the purpofe of finding a theory for the meafurement of alti¬ 
tudes by the barometer. 

The height of Severndroog Caftle, lately built on Shooter’s 
Hill, has fince been deduced from that of the Inn. 

Laftly, the altitudes of all the intermediate flations, as 
expreffed in the three colums towards the right hand of the 
general table of refults, placed at the end of the preceding 
fedfion, have been eftabliffied by the reciprocal angles of eleva¬ 
tion or depreffion, gradually carried on from ftation to flation, 
throughout the whole feries of triangles, whereby the two 
extremities are conne&ed together; and no greater uncertainty 
has been found at Hampton Poor-houfe than a few feet, occa- 
fioned no doubt by the uncertainty of terreftrial refraction : for it 
is to be remarked, that, to the weftward of Greenwich, no double 
but only fingle obfervations were obtained; wherefore, the 

■*. Sir Thomas Hyde Page, when engineer at Dover, at my requeft, had been 
io obliging as to order his workmen (he himfelf being ill at the time) to deter¬ 
mine the height of the turret of the Keep, which, by a miftake of about nine 
feet in the height of the cliff, they made 475 feet above low-water mark. 

rela- 
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relative heights of thefe Rations have been determined by taking 
-,4 th of the arc of diftance for the effed of terreRrial 
refrad ion. 

Art. III. General Theorem. 

Let C (Plate X. fig. ii ) be the center of the earth confi¬ 
de red as a fphere; Sr the furface ; H h two places at the fame 
height above the furface; HO the horizontal line, or apparent 
level at the place H ; and ho the horizontal line, or apparent 
level at the place h; alfo, let Cm bifed the angle at C. 

Then, becaufe the angles wHC and tnnH are right 
ones, the angle mHn, or mhn, is equal to the angle mCH 
or mCh; that is to fay, if two places H, h , are of equal 
heights, the one as feen from the other is deprefled below the 
horizontal line of the place of obfervation, by an angle equal 
to half of the arc of the great circle contained between them, 
or half the angle at C. Hence it follows, that gny diflant 
objed is higher or lower than the place of obfervation, accord¬ 
ing as the depreffion is lefs or greater than half the contained 
arc, fuppofing no fuch effed as refradion to exift in nature. 

Art. IV. ’Determination of the refrahlion between Dover Cafle 
and Folkfone Turnpike. 

Let D (fig. 12.) be the place of the axis of the telefcope on 
the north turret of the Keep in,Dover Caflle ; T the ground at 
the Ration near FolkRone Turnpike; DO the horizontal line; 
and SL—-CD. 

The diRance of the Rations is 31554.6 feet, which, taking 
the obliquity of the diredion into confideration, gives 61188 
fathoms = i°; and confequently 5' 9".4 for the length of the 

contained 
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contained arc of diftance nearly, one-half of which, or a / .7, 
is equal to the angle ODL. 

At the ftation D, the ground at T was, by obfervation, 
elevated 8' 37" equal to the angle TDO, to which adding 
ODL=2 / 34 // -7, we have for theangleTDL n / 11".7. 

Now, if the diftance of the ftations be taken as radius, the 
lines TO, TL, &c. will be nearly as the tangents of their op- 
pofite angles; therefore the angle TDL, with the diftance 
31554,6 give TL= 102.7 ^ eet 5 or w ^at the ground at the fta¬ 
tion T would have been higher than the axis of the telefcope 
at D, if there had been no refradtion. 

But the axis of the telefcope, when at the flation T, was 
5.5 feet above the ground; therefore 102.7 + 5.5=108.2 feet 
would be the height of the axis at T above the axis at D. 

Now, let T (fig. 12.) be the place of the axis of the tele¬ 
fcope, when the inftrument flood at Folkftone Turnpike; D 
the top of the parapet of the north turret in the Keep of Do¬ 
ver Caflle ; TO the horizontal line ; and CL= ST. 

At the flation T, the parapet of the turret was by obferva¬ 
tion deprefled 14' 17".5 —OTD, from which fubtradling half 
the arc of diftance 2' 34 // -7» there remains for the angle LTD 
n / 42 // .8. This laft angle, with the former known diflance, 
give LD= 107.5 ^ eet ’ or w hat the parapet was lower than the 
axis at T, if there had been no refraction. 

But the axis of the telefcope when at D was 3.2 feet above 
the parapet; hence 107.5 —3.2= io 4 -3 what the axis at D 
would be lower than the axis at T. 

In this cafe it is evident, that half the fum of 108.2 and 
104.3, or 106.25 feet, is the difference of the relative heights 
of the axis at the two ftations by a mean refradlion ; and that 
this mean refradtion is fubtended by half the difference, or 

108,2 
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i°3.2- iq4-_3 -■ r feet. Hence, as the diRancer: 31554.6 : 

rad :: r.95 : tang. ^".Sthe mean refraftion. 

For fuppofe t (fig. 12.) to be the true place of the ground, 
then the elevation TDO - the refraCtion = TD/, or 8 7 yj" — 

1 2 // .S~S / 24 /ir .2=:the angle *D 0 ; therefore /DO -f ODL = 
io / 58''''.9 — /DL; whence /L= 100.8 feet, to which adding 
5.5 feet, the height of the axis above the ground, we have 106.3 
feet, the height of the axis at T above the axis at D as before. 

Alfo, if d (fig. 13.) be the true place of the parapet, we {hall 
have the depreffion + the refraction, or OTD + DTW =» O Yd = 1 
30 // -3, and OT/-QTL, or 14' 30".3 -2 / iT 55">6 

— the angle L Td. Hence, L d— 109.5 ^ eet what the para¬ 
pet of the turret would be lower than the axis at T, from 
which taking 3.2 feet, the height of the axis above the para¬ 
pet, there remains, as before, 106.3 feet, for the difference of 


the heights of the two Rations. 

The axis of the telefcope in Dover CaRle being Feet, 
above low-water fpring tides . . 469. 

To this add the height of the axis at the 
turnpike above that at Dover . . 106.3 

We then have, for the height of the axis at the 
turnpike above low water, nearly , . 575*3 


And 5' 9" *4- the contained arc of a great circle or arc of 
diftatice being divided by i2 // .8, the mean refraCtion at the two 
Rations, we have in this inRance about part for the quan¬ 
tity of terrejlrial rcfraSiion. 


Art. 
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Art. V. Refradlion on the diftance between Dover Cajlle and 

Calais. 

Let D (fig. 14.) be the place of the axis of the telefcope, 
on the north turret of the Keep in Dover Caftle, as before 1 
G the top of the great baluftrade of the fteeple of Notre Dame 
Church at Calais; DO the horizontal line; and CL = SD. 

The diftance of Dover from Calais by the triangles is 
13745° feet, which, allowing 61169 fathoms for a degree, 
gives 22' 28 // .2 for the length of the contained arc nearly . 
half of which ii' 14 ". 1 is equal to the angle ODL. 

The height of D above low water at fpring tides, 
as before, is . ... 469 feet. 

The height of G is * . , 140.5 

Therefore the difference is . . 328.5 = GL. 

Then, as 137450 : rad :: 328.5 : tang. 8 i3 = LDG. 

To which adding the angle ODL . , = 11 14.1 

We have . . . . 19 27 1 for the 

angle ODG, or what G would be depreffed below the place of 
obfervation, if there was no fuch effect as refra&ion. But the 
depreffion by obfervation was found to be 17' 59^; wherefore 
the difference is i'- 28 ".i, by which, dividing the length of 
the arc of diftance 22 / . 28 // .2, we have in this inftance 1 5.3, or 
between ~ r \th and 4 v th part, for the quantity of ter ref rial 
refraSiion. 

Art. VI. RefraSlion on the diftance between Aldington Knoll and 

Tenterden. 

Let K (fig. 15.) be the place of the axis of the telefcope at 
Allington Knoll; T the top of the flag-ftaff on Tenterden 

Vol. LXXX. I i Steeple; 
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Steeple; SC the earth’s furface; KO the horizontal line at 
right angles to KC; and SL = CK. 

The diftance between Allington Knoll and Tenterden has by 
the triangles been found to be 61775.3 feet, which, allowing 
61234 fathoms = >° gives ic/ 5". 3 for the length of the con¬ 
tained arc CS nearly. Half of this arc = 5' z",6 is the angle 
OKI.., from which fubtra&ingthe obferved angle of depreffion 
of T as feen from K —OKT = f 5 l "> there remains the angle 
TKL= i / and confequently this angle will be fub- 

tended by 2r.4 feet=LT, or what the top of the flag-ftafF at 
Tenterden would have been higher than the axis of the tele- 
fcope at the Knoll, if there had been no refra£tion. 

But the top of the flag-ftafF on Tenterden fteeple was 3.1 
feet higher than the axis of the telefcope when the inftrument 
flood at that flation ; therefore, 21.4 - 3.1 *= 18.3 is what the 
axis at Tenterden would have been higher than the axis at the 
Knoll, if there had been no refra£lion. 

Again, let T (fig. 16.) be the place of the axis of the tele¬ 
fcope on Tenterden Steeple; K the ground at the flation on 
Allington Knoll; TO the horizontal line; and CL = ST. 

At the flation T, the depreffion of the ground at K, or the 
angle OTK, was obferved f 5 which being fubtradled from 
5' 2 // .6 = OTL = half the arc of diftance, there ■ remains 
i / zf'.b— the angle KTL. This laft angle, with the diftance 
between the ftations, 61775.3 feet, give KL=26.3 feet, for 
what the ground at K would have been higher than the axis at 
Tenterden, if there had been no refra&ion. 

But the axis of the telefcope, when at the flation K, 
was 5.5 feet above the ground; therefore, 26.3 + 5.5 = 31.8 is 
what the axis at the Knoll would be higher than the axis at 
Tenterden. 


1 


Hence 
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Hence it follows, that fuppofing the refraftion to have been 
the fame at each of the flations when the obfer vations were 

made, half the difference of thefe heights, or== 6.7 

Q, 

feet, would be the difference between the relative heights of 
the axis at the two flations; and that the quantity of refrac¬ 
tion would be fubfended by half the fum, or — 25.05 

feet-'; therefore,, to find the mean refraction, as the diflance of 
the flations : rad. 25.05 feet : tang. T 23"% the mean 
refraclion. 

For fuppofing ./ (fig. 15.) to be the true place of the top of 
the flag-flaff, we fhali then have the angle GKT the depreffion 
q- the angle TK/ the refraction, or 3' 5 + i / 23 // f — $' 

= the angle OK/. Hence the angle OKT — the angle OKL = 
5' 14"! — 5' 2".6 ~ o / 1 i y/ .9 re the angle LK/. Now, this 1 ail- 
angle, with the diflance of the flations 61775.3, give L/ — 3.6 
feet, or what the top of the flag-flaff at Tenterden would be lower 
than the axis at the Knoll; and this being added to 3.1 feet 
(what the axis at Tenterden was lower than the top of the 
flag«ftaff), we get, as before, 6.7 feet for the height of the 
axis at the Knoll above the axis at Tenterden. 

In like manner, fuppofing k (fig. 16 ) to be the place of the 
ground at the Knoll, we have the fum of the depreffion and 
refraction, or OTK + KT^' 35" +T 23"* = 4' 58"!- 
OT£; and OTL-OT*^' 2".6 -4' 58 // i = o' 4 /, . i= the 
angle ^TL. Hence, kt— 1,2 feet is the height of the ground 
at the Knoll above the axis at Tenterden, which being added 
to 5.5 feet the height of the axis at the Knoll above the 
ground, we have as before 6.7 feet for the difference of the 
heights. 


I 1 2 


The 



244 Gen. Roy’s Account of 

Feet, 

The height of the axis of the tejefcope at Allington 
Knoll above low-water mark at fpring tides, as deter¬ 
mined by the obfervations there, and at the Ration of 
High Nook, is . . . . ^2p 

The axis on Tenterden Steeple has been (hewn to be 
lower than the Knoll . . . 6.7 

Therefore, the axis on Tenterden Steeple is higher 
than low water . . . . 322.3 

The arc of diRance of the two Rations *= io / being 
divided by i / 23"! the mean refraction, we have in this cafe 
7"!, or between Lth and ~th part for ter ref rial refraSiion. 

The example in Art. IV. and this laR are given at large, 
becaufe, if the points where the axis of the teleicope was at the 
refpeCtive Rations had been obferved, in the firR, one would 
have been a depreffion, and the other an elevation ; but in this 
both would have been deprefled by obfervation. 

Art. VII. General Remarks. 

The three preceding examples being fufficient to (hew the 
mode that has been invariably adhered to in computing the 
effeCt of terreRrial refraCtion, we have, in the following table, 
collected the whole of the refults together, beginning with 
thole diflances where it has been found the greateR, and ending 
with thefe where it has been found the leaR. 

1 he titles at the tops of the columns refpeCtively fully ex¬ 
plain the nature of the table, which contains more double ob¬ 
fervations, made on a greater variety of very accurate diRances, 
and with a better infirument for determining fmall angles of 
elevation and depreffion, than perhaps were ever obtained be¬ 
fore . 
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fore, Thefe refults are not however offered as being free from 
error; on the contrary, if the circumftances had permitted this 
to become a principal objeCt in our operation, the fucceffive 
repetition of the dbfervations for many time's would, no doubt, 
have furnifhed kill more fatisfaCtory conclufions. It is hoped, 
neverthelefs, that thefe, fuch as they are, may have their ufe, 
were it only by (hewing the variablenefs of terreftrial refrac¬ 
tion, to induce to the making of others, which, as has been 
already obferved, would ultimately lead to a much more mi¬ 
nute inveftigation of this curious and interefting fubjeCh 

The heights of the barometer and thermometer are inferted 
on the days on which the obfervations were made, merely to 
(hew what was nearly the (fate of the atmofphere at the refpec- 
tive times. But we have not attempted to apply any correction 
on that account, becaufe it could not be done in a fatisfa&ory 
manner, and conlequently could not be ufeful, unlefs the cir- 
cumftances had permitted reciprocal obfervations to have been 
made at correfponding times with double fets of inftruments, 
which in our fituation was impoffible. 

By attending to the refults in the tahle, it will in general be 
feen, that terreftrial as well as celeftial refradtion certainly di- 
minilhes as the heights of the ftations above the fea increafe; 
and that, at particular times at leaft, it is much greater than 
has hitherto been fuppofed, even to between f and £ part of 
the arc of diftance, inftead of being only -ith or J^th part. 
Befides the inftance of this extraordinary effeCt inferted in the 
table, between Allington Knoll and Ruckinge, where the dif¬ 
tance of the ftations is but fmall, and one of them little 
higher than the fea, we could have given another on a diftance 
as well as on heights ftill more confiderable, namely, Shooter’s 
Hill and the ball of St. Paul’s Church: for, fuppofing the 

firft 


2 
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firft to be 482, and the lad 403 feet, above low water at the 
fea, the refraCtion on the morning of the id of September, 
1787, as obferved at Shooter’s Hill, was V 4/ // > which is be¬ 
tween f cl and Jth part of the contained arc. 

If the circumdances had permitted the refraction on the 
didance between Dover and Calais to have been repeatedly 
tried, at the bottom of the cliff, at the top of the cliff, and 
again at the top of the cadle, we fhould probably have found 
the refraCtion at the three Rations confiderably different, with 
the fame length of arc, or one only varying infenfibly. 

Rut, in order to be enabled to make conclufive obfervatiohs 
of this fort, the operation fhould become a didinCt one, or at 
mod only comprehend fuch others as are connected with the 
modifications of the atmofphere. For purpofes of this kind 
very fine levels would be requifite; and fome of the highed 
mountains of Scotland, fituated near the fea, fuch as Ben 
Nevis and Cruachan Ben , where the relative heights of the 
Rations might be accurately afcertained by levelling, would 
feem to be eligible fituations. 


Table 



Table containing the Results of the Observations for the Effect 


Pates of the 
Obfervations. 

Places. 

Bar. 

Therm. 

Stations. 

Hfifc 

Tel< 

the 

1787, Gft. 21. 

23. 

19. 

21. 

* 9 - 

21. 

26. 

7 - 

1788, Aug. 18. 

„ 23. 

1787, Sept. 28, 
Oft. 7. 

* 3 - 

26. 

26. 

1788, Aug. 11. 

18. 

1787, Oft. 13. 

1788, Aug, n. 

1787, Oft. 26. 

21. 

Sept. 28. 

1788, Sept. 2. 

Allington Knoll 
Ruckinge 

Dymchurch Inn 

Allington Knoll 
Dymchurch Inn 
Allington Knoll 
Tenterden Inn 

Padlefworth 

Frant Inn 

Botley Hill - - 

Dover Caftle 
Padlefworth - - 

Fairlight Down 
Tenterden Inn 

Tenterden Inn 

Goudhurft Churchyard 
Frant Inn 

Fairlight Down 

Goudhurft Churchyard 
Tenterden Inn 

Allington Knoll 

Dover Caftle 

Folkftone Turnpike 

In. 

29.61 

29.82 

29.9 

29.61 

29.9 

29.61 
29-54 
29.6 

29.36 

28.89 

29.62 
2-9.6 
28.81 
29-54 
29,54 

29.74 

29.36 

28.81 

29-74 

29-54 

29.61 

29.62 
29-55 

0 

56 

511 

55 i 

55 ^ 

56 

5 6§ 

70 

58 

62I 

581 

7 ° ■ 

55 f 

sH 

sH 

SH 

58 

55 § 

sH 
56I ' 

56 

58I 

64 i 

| Allington Knoll and Ruckinge — — j 

High Nook and Lydd — —> 

| Allington Knoll and High Nook — 

| Allington Knoll and Tenterden *— — 
Padlefworth and Lydd — —. J 

| Frant and Botley Hill ■— <— — 

j Dover Caftle and Padlefworth — 

| Fairlight Down and Tenterden — 

Tenterden and Lydd — j 

J Goudhurft and Frant *—» —* { 

F air light Down and Lydd — — j 

| Goudhurft. and Tenterden — — { 

Allington Knoll and Lydd — ~ | 

| Dover Caftle and Folkftone Turnpike | 

A. 

R. 

H. 

L- 

A, 

H. 

A. 
T. 
P. 
L. 
F. 

B. 
D. 
P. 
F. 
T. 
T 
L. 
G 
F. 
F. 
L. 
G 
T 
A 
L. 
D 
F. 

Results of Single Observations depending on the Heights of Hover Caftle and F 

Coaft of France. 

1788, Sept. 2. 

_ — — 

'29.55 

64 

| Folkftone Turnpike and N. D. Church at Ca- < 
J lais 

[| F 
c 

1787, Sept. 284 

— — — 

29.62 

58I 

Dover Caftle and N. D. Church at Calais 

L 

c 

1788, Sept. 2. 

— — — 

29-55 

64 

1 Folkftone Turnpike and Station at Montlam- 
j bert — — — 

L ^ 

F 

]V 
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Effect of Terrestrial Refraction - . 



Height of the 

Diftance 

Contain- 

Mean 

Refraction. 



Teiefcope above 
the Sea m Feet 

of the Station 
in Fathoms, j 

ed Arc 
nearly 

Proportion- 1 
able Part. 


A. 

R. 



/ 

// 

/ // 


1 

329 - ] 
3 " -4 I 

2675.4 

2 38 

1 8 

-J and J- 

{ 

H. 

L. 

27.6 l 
130.4 J 

5227.1 

5 

8 

0 55 

•f and | 

{ 

A. 

H. 

329 - ' 
27.6 

3864.1 

3 48 

0 38 

I 

{ 

A. 

T. 

329 - j 
322.3 j 

10296. 

10 

5 

1 23! 

t and -J 

{ 

P. 

L. 

SJcSeMI 

I 3 2 55-5 

13 

2 

1 31 

i 

{ 

F. 

B. 

IS; } 

15060.7 

14 

48 

2 I 

- X 

s . 

• 

D. 

P. 

ill } 

7093-5 

6 

57 

O 42 

X 

Tiy 

■ 

F. 

T. 

599 - 1 
322.3 J 

” 939-1 

II 

46 

1 12 

X 

T 3 * 


T. 

L. 

322-3 ] 

130.4 J 

11027.8 

IO 

5 ° 

0 55 § 

A and T * E 


G. 

F. 

497 - 1 
659 - J 

739^-3 

7 

15 

0 38! 

TT and A 

- - 

F. 

L. 

599 * 1 
i 3°-4 J 

1 1948.3 

II 

43 

0 55 

I 

TT 

{ 

G. 

T. 

. a 

497 - 1 
322-3 J 

9062.4 

8 

53 

0 35 

I 

TT 

{ 

A. 

L. 

329- 1 

130-4 J 

7975 - 

7 

5 i 

0 21 

r 

2 27 

{ 

D. 

F- 

469. ] 

575-3 J 

5259-1 

5 

9.4 

0 12.8 

X 

I? 

and Folkftone Turnpike, combined with thofe on the 

H 

ri f. 

c. 

575-3 
140.5 . 

26697. 

26 

4 

3 54-8 

i and f 

j 

r-D. 

c. 

469. 
140.5 . 

[ 22908. 

22 

28.2 

0 15.4 

tt and 

tn- 

F. 

II M 

575-3 
639-5 . 

[ 28967. 

28 

29 

1 45 - 

I 

Tj 
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SECTION EIGHTH. 

Secondary triangles , fubdivided into two Jets, for the improve¬ 
ment of the maps of the country, and the plan of the City of 
London and its Environs. Plate XL 


IN the feries of great triangles, whereby the diftance be¬ 
tween the meridians of the Royal Obfervatories of Greenwich 
and Paris has been determined, the fame excellent inftrument 
having been placed at every Ration on our fide of the Channel, 
and all the angles obferved with the utmoft care, it hath con- 
fequently followed, that the bafe on Hounflow Heath, and 
that in Romney Marfh, reciprocally meafure each other within 
a few inches of the truth, which is an inftance of fuch exa6t- 
nefs as probably never occurred in any former operation, of this 
fort. The extreme fmallnefs of the error on the fum of the 
three angles of each triangle fufficiently proves that the ge¬ 
neral refult would not have differed greatly, if only two of the 
angles had adtually been obferved. But in an operation of fo 
much importance, this could not have been depended upon ; 
nothing was to be left doubtful; and therefore, in the execu¬ 
tion of the various parts, the moft minute attention was paid 
to every circumftance whereby the accuracy might be affected, 
and particularly to the placing of the lights and inftrument 
reciprocally over the fame point marking the Ration, that no 
poffible error might arife from parallax or excentricity. 


From 
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From this mode of conducting the operation, it will 
readily be feen, that, if time had permitted, the fituation of a 
multitude of other points in the country might have been very 
accurately determined, betides thole aCtuaily marking the 
points of the triangles, whereby the ordinary maps would have 
been greatly improved by fuch as chofe at any time hereafter to 
make ufe of thefe as fo many given diftances. But the circum- 
ftances not having permitted us to multiply thofe points to the 
extent that might have been wifhed, and that would have been 
eafily practicable, if the operation had commenced at an earlier 
feafon of the year; we have therefore been obliged to limit the 
number to a few of the mo ft confpicuous and beft defined objects. 

Thefe lecondary triangles are fubdivided into two fets. The 
firft fet confifts of thirty- five, whereby the relative diftances of fo 
many points have been determined from certain Rations of the 
principal feries, beginning with thofe objects that have been in¬ 
terfered from the rnoft wefterly Rations, and fo on, proceeding 
gradually with the others towards the eaft. Two angles only 
of each of thofe triangles being obferved, the third is that at 
the ihterfedled objed, or the fupplement to 180 0 . Although 
the diftances thus obtained cannot be quite fo accurate as the 
fides of the principal feries; yet there is no reafon to appre¬ 
hend, that they will be found to differ widely from the truth, 
when they come to be proved in the courfe of any fubfequent 
operation, by which alone they can be put to the teft. 


Com- 
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N° 

Computation of the 

Triangles. 

fir ft fet .of i 

Angles. 

econdary triangles. I 

DiRances of the Rations from the 
interfered objedl in feet. 

1 K 

King’s Arbour 

St. Ann’s liili 

Stanivell Church « 

0 / u 

8 5 2 57 

4 4 44 

167 219 

| from Stanwell j 

10927 

23720 

■ 

King’s Arbour 

Hanger-hill Tower 

Harrow on the Hill 

28 35 34 

89 23 52 

62 0 34 

1 from Harrow on the J 

J Hill 1 

42944 

2 ° 553*3 

■ 

King’s Arbour * 

Hanger-hill Tower 

Banftead Church 

70 1 47 

82 19 25.1 

27 38 47-9 

| from BanRead Church | 

8O994 

76807.5 


Hampton Poor-houfe 

King’s Arbour . 

Kew Pagoda . * 

88 58 23 

40 14 25 

5 ° 47 is 

| from Kew Pagoda j 

22849 

353 6 4-5 

•i 

Harrow on the Hill 

St. Paul’s Church 

Spring Grove Houfe, Sir Jo. 
Banks . 

69 43 8 

35 5 8 9 

74 1 8 43 

1 from Spring Grove f 

J Houfe { 

3 & 5 1 

57 2 53-9 

/■ 

6. < 

> 

* Hanger hill Tower . 

Spring Grove Houfe ■# 

Richmond Royal Obfervatory 

*9 33 4-3 
82 46 15.9 

77 40 39.8 

f from Richmond Royal f 
\ Obfervatory . \ 

Hanger Hill from Spring 
Grove • 

20164.4 

6802.1 

19857.8 


f The Royal Obfervatory in Richmond lower Park could not be feen from any 
of the Nations of the great feries of triangles, except Hanger-hill Tower, from 
whence the bearing of it was taken. In order to interfedfc this bearing, the afif- 
tance of certain operations made with the agronomical quadrant in 1783 at 
Spring Grove Houfe has been called in, by the help of which the iituations of the 
Obfervatory and of Spring Grove Houfe have been determined. In like manner, 
the bearings of Batterfe'a and Stretham, taken from Hundred Acres, have been 
interfered with the quadrant from $t. Paul’s and Fulham. The Rations where the 
quadrant was ufed are diRinguifhed with afterilks. 


K k 


N° 
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Angles. 


Diflauces of the llations from the 
interfered obje& in feet. 


Hundred Acres 
Fulham Church % 
Stretham Church 


14 13 27 

34 3 49 

13142 43.8 


27 5155.6 
46 12 54.4 
105 55 10 


from Batterfea Church - 


• from Stretham Church j 35957*3 
1 23279.3 




j from Clapham Common j 


Norwood • * 

761914.5 

Severndroog Caflle * 

52 41 37 

Argyll Street Ob, Maj, Gen, Roy 

5 ° 59 8-5 

. . . 1 



fervatoiy 


399 6 3 


: a 3 It! }^a,P.„,. s Ch„rch {M40., 

St* Paul's Church * 60 21 28 

N. B. By combining the refults of thefe two 1 aft triangles a third is formed, 
which gives for the difiance of Argyll Street from St. PauPs 9632 

i 


from Bromley College j 


Norwood 

Severndroog Caflle • 

Bromley College 

36 36 32 

32 52 48 

no 30 40 

Norwood 

Severndroog Caflle * 

Chijlehurfi Church « | 

3 * 53 3 

97 48 12.5 
80 18 44.5 

Greenwich Royal Obfervatory 
Severndroog Caflle 

Weft Pediment of Wanflead Hq. 

92 38 13.5 
64 46 33.5 
22, 35 13 

Greenwich Royal Obfervatory 
Severndroog Caflle 

Loampit Hill . ; 

! 3 » 45 43 

14 7 0 

34 7 17 



from Chiflehurfl Church 1 35777*9 
t 20981.1 


Greenwich Royal Obfervatory 
Severndroog Caflle ♦ 
Beckenham Church 



from Wanflead Houfe 


| from Loa.mpit Hill 


| fromBeckenhamChurch j 
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Triangles. 


Angles. 


Diftances of the ftatiohs From the 
interfered ohjeft in feet. 


Greenwich Royal Obfervatory 
Severndroog Caftle . 
Eltham Church . 



Botley Hill 
Fr^nt Church 
Crowborougb Beacon 


Botley Hill 
Wrotham Hill 
Sevenoaks Windmill 


' Frant Church 
Goudhurft Church 
. Wadhurft Church 


Goudhurft Church 
Fairlight Down 
Bright ling Windmill 



Fairlight Down • 

Dover Caftle, north turret 
. Dengenefs Light-boufe • 


Fairlight Down • 

Goudhurft Church . 

Ore Church 


22 41 22 
87 l8 3I.5 

6 9 59 55-5 


21 56 44 
54 48 27 
I0 3 *4 49 


31 40 29.4 

124 53 I 4 

23 26 l6.6 


39 *7 6.5 

26 58 39 

“3 44 4-5 


19 51 19.5 

77 32 33 

82 36 7.5 


24 22 7 
28 57 42 

126 40 II 


46 5 9 
26 zt 46.5 

10 7 33 4-5 


42 6 25 

3 8 5 33 
99 48 2 


22 40 17 
21 23 25 
135 5 6 18 


19 34 3° 

13 34-24.6 
14& 3 1 5-4 


4 12 42 
60 29 28 
115 17 50 


K k 2 


from Eltham Church 


from Knockholt Beeches 


from Leetli Hilt Tower 


from Firedean Tower 


from Crowborough Bea¬ 
con 


from Sevenoaks Wind* 
mill 


from Wadhurft Church 


from Brightling Wind¬ 
mill 


l SS3 l 

599 8 *3 


from Rye Church 


from Dengenefs Light- 
houfe 


from Ore Church 


7605.3 

90123.2 
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N° 

Triangles. 

Angles. 

Pittances of the Rations from the 
interfered obje£t in feet. 

28. | 

Fairlight Down « 

Lydd Church 

Pair light Church 

0 / // 

23 3 2 23 

1 5 ° 43 

154 36 54 

1 . f 

| from Fairlight Church j 

53 8 4 

06787.7 

29. | 

Tehterden Church . 

Allington Knoll 
fljhfora Church 

3 ° 42 37 

46 45 7 

102 32 l6 

| from Afhford Church j 

46096 

32319-2 

3 °> | 

Lydd Church , ♦ 

High Nook near Dymchurch 
Ruckinve Church 

0 

43 34 50-5 

87 40 22 

48 44 47 5 

| from Ruckinge Church j 

41682.2 

87584 

■ 

High Nook 

Ruckinge . 

|New Romney Church 

8 3 44 33-5 

32 17 35-5 

63 57 5 1 

| from New Romney Ch. | 

16965.4 

31566.3 

32 - | 

IHigh Nook 

AUington Knoll 

Lyrnns Cajtle 

42 44 44-5 

70 21 48 

66 53 27.5 

J from Lymne Cattle | 

23741.6 

17109.6 

f 

33 - • 

Lydd Church 

Folk hone Turnpike 
!Folkftone Church 

2 IO 29.2 
' 27 26 22 

150 23 8,8 

| from Folkftone Church j 

78946.9 

6501.3 

34 - | 

jFolkftone Turnpike 
■Padlefworth 

Beachborough Summer Houfe 

24.35 59 

123 46 35-2 

31 37 25.8 

1 from Beachborough j 

J Summer Houfe [ 

233 2 5 - 2 

11681.6 

35 - | 

Padlefwonh 

Dover Cattle 

IVaiderJhare Monument 

32 36 0 

62 24 5 

8 4 59 55 

f from Walderfhare Mo-1 

1 nument J 

37862.5 

23081.4 


Secondfet of fecondary triangles. 

In the Paper of 1787, fufficient reafons have been given 
for avoiding St. Paul’s as a ftation in the feries of great tri¬ 
angles. Indeed, if no other objection had exitfed, the fmoke 
of the capital alone would have been found extremely incon¬ 
venient. This was experienced at Shooter’s Hill, where we 


were 
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were detained a whole week, before the white lights, notwith- 
ftanding their extraordinary brilliancy, could be feen at Han¬ 
ger-hill Tower, or even at Argyll Street, the north >eaft wind, 
which then prevailed, having brought the impenetrable rnafs 
of fmoke between the ftation of the inftrument and the points 
to be obferved ; and at laft we were obliged to watch all night, 
till towards the morning the fires of London being extin- 
guifhed, the white lights could then be interfedted. 

It is not therefore furprifing, that from the ftations of Nor¬ 
wood, Greenwich, and Shooter’s Hill, we fhould only be able 
to fix, in a fatisfadlory manner, two points in London, namely, 
St. Paul’s and Argyll Street. Bearings, it is true, of others 
were taken; but that thefe might be interfered by angles not 
too acute, it became necefiary to make ufe of obfervations that 
had been formerly obtained at Argyll Street with my own 
inftrument in its vertical pofition, and at St. Paul’s with the 
aftronomical quadrant. Moreover, by way of finifhing the 
operation, and furnifhing fuch part of the inhabitants of the 
metropolis as may be curious in matters of this fort with a fet 
of diftances that cannot fail to be ufeful to them, two new 
ftations were chofen for the great inftrument to the northward 
of London, one on Hornfey Hill , and the other on Primrofe 
Hill. Thus, from the combined operations at thefe feveral 
places, we have been able to determine the fituation of thirty- 
feven confpicuous points, confifting chiefly of the moft re¬ 
markable fteeples in and near the capital. 

By referring to Plate XI. which is in fadt the fkeleton, but on 
a very fmall fcale, for an improved plan of London and its 
environs, the relative fituation of thefe points with regard to 
St. Paul’s, and the four neareft ftations of the great feries, 
will be feen. Some of the principal of thefe feeondary tri- 
3 angles 
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angles have been reprefented by dotted lines in the plan. To 
have exprelTed more of them in that way would only have 
occasioned confuiion. Here it is to be remarked, that the 
diftance of Argyll Street from St. Paul’s, 9632 feet, refulting 
from the 10th and nth Secondary triangles of the SirSt fet, be¬ 
comes a bafe in the quadrilateral formed by St. Paul's , Argyll 
Street , Hornfey Hill , and Primrofe Hill. Hence, by the obferved 
angles at thefe two laft Stations, and the aSTumed length of 
one of the unknown Sides, all the angles of the quadrilateral 
are computed, by which means, and the true length of one 
Side given, the true lengths of all the others are readily ob¬ 
tained. 


Situations determined by the great inftrutnent from 

Hornfey Hill and Primrofe Hill. 

■-------—-Al - 

Com 

N° 

iputation of the fecond 

Triangles. 

fet of feco 

Angles. 

ndary triangles. 

Diftances of the ftations from 
the interfered objed in feet. 


'Hornfey Hill 

Primrofe Hill 

St* Paul’s » 

6 V // 

46 42 41 

82 21 27.5 
49 55 5*-5 

1 from St. Paul’s f 
j Church \ 

Hornfey Hill from 
Primrofe Hill 

23297.1 

17072.8 

t7949.05 

{ 

Hornfey Hill 

Primrofe Hill. 

Argyll Street Qbfervatory 

23 8 34 

M2 49 57 

44 1 2 9 

] Argyll Street Ob- f 
J fervatory \ 

23803.4 

10150.7 

-f 

Hornfey Hill 

Primrofe Hill 

Hampftead Church 

23 33 59 

23 43 

78 2 18 

] from Hampftead f 
J Church j 

17972 

7335-5 

r 

4 . < 

i 

Hornfey Hill . , ' 

Primrofe Hill 

Mr. Duveiuz’s Cupola , 
Hornfey Lane, Highgate 

29 11 3.5 

16 44 50 

i 34 4 6 -5 

1 from Mr. Duve-J 

J Luz’s Cupola 1 

I2I8i.2 

7^8,2 


Hornfey Hill 

Primrofe Hill 

IJlington Church 


1 from Iflington f 

J Church { 

14272.5 

13409 
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Triangles, 




£ 


e <u 

.0-2 5 .S 


Hornfey Hill 
Primrofe Hill 

Si. Leonard's Cb . Shoreditch 



Angles. 

0 

55 

28 

ft 

32 

29 

28 

52 

95 

2 

36 

50 

52 

33 

68 

59 

37 

60 

7 

5 ° 

62 

9 

3 ° 

63 

3 6 

33*5 

54 

*3 

56.5 

61 

19 

7-5 

70 

33 

39 

48 

7 

J 3-5 


Hornfey Hill 

Primrofe Hill 

Bow Churchy Cheapfide 


Hornfey Hill 
Primrofe Hill . , , 

St. Bride's Ch. Fleet Street 


Hornfey Hill 
Primrofe Hill 

St. George's Ch. Mloomjbury 


Hornfey Hill 
Primrofe Hill 
St. Giles's Church 



4 ? 33 43 
86 44 24 

5 ° 4 1 S 3 



29 32 8.5 

10013 30.5 
50 14 21 


Hornfey Hill 

* 

28 2 38 

Primrofe Hill 

• 

106 40 20 

St. Ann's , Soho 

t 

45 17 * 


Hornfey Hill 

Argyll Street Obfervatory 
High gate Chapel 


Primrofe Hill 

Argyll Street Obfervatory 

St. Clement's Church 


59 S*. 5 *S 
22 37 47.6 
97 29 16.9 


Diftances of the ftations from 
the interfered object. in feet. 


from Highbury 
Houfe 


from St. Luke’s 
Church 


from St. Leonard’s f 198 
Church \ 195 


from Chrifl 
Churchy Spit. 


^ 34 ° 4*4 

* 7959*6 


20 43 50 | 

123 o 9.4 J 
36 16 o,6 


from St. Bride’s 
Church 


from St. George’s 
Church 


from St. Giles’s 
Church 


from St. Ann’s 
Church 


from Highgate 
Chapel 


1 fromSt.Clement’s f 14390.2 
J Church j 6073.8 





































J A fmall Hadley’s | Afmall Hadley’s | One angle taken with the great 

The agronomical quadrant j fextant ufed at St. j fextant ufed in Ar- 1 inftrument, and the other with 

ufed at St. Paul’s in 1783. j Paul’s. | gyll Street. | that in Argyll Street Obfervat. 
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Triangles. 



Primrofe Hill 


St. Martin's Cb. in the Fields] 20 27 24.5 


Angles. 

Dihances of the flattens from 
the interfered obje6t in feet. 

0 t // 1 



O 5 2 3 1 

} from St. Mary’s J 

14148.5 

127 21 15 

34 46 14 

J Church {j 

5463.4 

7 32 8.5 

152 O 27 

1 from St. Martin’s f 

J Church [ 

12631.6 
3808.8 



Primrofe Hill . 

Argyll Street Obfervatory 


Primrofe Hill 

Argyll Street Obfervatory 

South Audiey Chapel 


I-Iornfey Hill 
St. Paul’s Church 
Newington Church 


3 12 59-5 
102 32- 39.4 
74 14 21.1 

] from the Pan- f 
j theon \ 

5 35 34 
120 13 56 

54 10 30 

1 from St. George’s f 

J Church [ 





Greenwich Royal Obfervat* 
St. Paul’s Church 
Limehoufe Church • 


16 

7 

10 

103 

34 

59 

60 

17 

5 1 

38 

14 

6 

16 

35 

7 

I2 5 

10 

47 

20 

29 

59 

66 

7 

5 

92 

22 

56 

18 

22 

9 

i°5 

3 2 

24 

56 

5 

27 

3 ° 

44 ' 

17 

45 

39 

3 1 

io 3 

3 6 

12 

i 3 1 

5 

3 8 

27 

5 2 

40 

121 

1 

42 


from South Aud¬ 
iey Chapel 


from Newington 
Church 


from St. Mat¬ 
thew’s Church 



1 from St. George’s f 27045.2 
J Church, Ratcliff \ 8846.4 


from St, James’s 
Church 


f from Limehoufe 
t Church 
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teal Operation. 


Angles. 


Diftance of the ftations from 
' the interfered obje<ft in feet. 


Norwood 

Argyll Street Obfervatory 
The Monument 


Jew’s Harj} flat ion 
[Black Lane ftation , 
b'/. Paul's Church • 


Jew’s Harp hat ion 
Black Lane ftation 
Argyll Street Obfervatory 


" Argyll Street Obfervatory 
few’s Harp ftation 
Wind Vane of the Britijh 
■ Mufeum 


" I Argyll Street Obfervatory 
Jew’s Harp ftation 
_ ^Charlotte tret t Chapel . 


‘ Jew’s Harp ftation 
Black Lane ftation 
_ Portland Chapel 


Jew’s Harp ftation 
Black Lane ftation 
Fitzroy Chapel • 

Jew’s Harp ftation * 
Black Lane ftation 
/ abernacle • 

Jew’s Harp ftation 
Black Lane ftation 
Stria ll -Pox H'offit a l 


6i 47 27 • I from St. Peter’s J) 6279.5 
39 42 24.5 J Church, Weftm. | '8661.8 

78 30 8.5 


18 5 5 {from the Menu-f 36409.7 
6 4 9 55-7 J meat { 12557.5 

97 44 59-3 


92 12 30 


1 from St. Paul’s J 13522.0 
J Church 1 1O790.3 
from Jew’s Harp to 
Black Lane, the bafe 
Of 1783 7744-3 



95 3 ° 56-5 {from the Britilh 
30 5 26 J Mufeum 


54 23 37.51 


74 26 i 5.6 

ll 1 55-9 

86 31 47.5 


from Charlotte 
Street Chapel 



85 27 45 J from Portland 
28 S3 3° J Chapel 

6 5 3 8 45 

6° 43 55 { from Fitzroy 

31 12 45 J Chapel 

88 q 20 


63 25 50 
37 H 4 ° 
79 l 9 3 ° 


from the Taber¬ 
nacle 


4097.7 

8474.2 


4015-5 

6759.6 


4780.8 

7048.4 


19 45 45 { from the Small-] 6670.5 
56 57 45 J Pox Hofpital J 2690.4 
103 16 30 


XX, 
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W 

Q PS 00 

tft rtZ 

N° 

Triangles. 

Angles. 

Diftances of the ftations from 
the interfered objedt in feet. 

OJ — 

M -5 - 

"11 f 

r 

f ijew’s Harp ftation 

0 / // 

4 4 1 45 

] frqm St, Pancras J 

5728,1 ■ 


Co 

1 

1 

1 jBlack Lane Nation 

12 58 25 

| Church { 

2088.8 

OQ J l 

\j^i, Part a as Chnrcb 

l62 I9 5O 

- - 



That thefe fecondary triangles may be more generally ufeful 
to the inhabitants of London and its environs, the angles, 
which the 53 points comprehended in Plate XI. refpedtively 
form with each other at the center of the dome of St. Paul’s, 
are collected in the annexed table, together with their feveral 
diftances from that central point. The objects are arranged 
into two dalles, according as they are lituated to the eaftward 
or weft ward of the meridian of St. Paul’s. Thofe of the 
firft clafs commence at the north meridian, and proceed by the 
eaft to 18o°. Thefe of the fecond commence at the fouth 
meridian, and proceed, in like manner, by the weft to 18o°. 
From this table the total angle between any two objects being 
had by limple fubtraTion, and the diftances from St, Paul’s 
given, the diftances of the objects from each other are readily 
obtained. Whoever, therefore, fhould be defirous of know¬ 
ing accurately his own fituation in this great metropolis may 
eafily fatisfy himfelf, by taking two angles from the top of 
his houfe, with a good Hadley’s fextant or theodelet, be¬ 
tween any known objeTs near to him, and the beft difpofedfor 
the purpofe. By the help of thefe data, and a very limple trigo¬ 
nometrical computation, he will obtain what he wants; and he 
may even fatisfy another curiofity which will probably occur, 
namely, that of putting to the teft our original operation, by 
trying how nearly different triangles bring out the fame refult. 
It will readily be conceived that, for trials of this fort, the 

i points 
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points whofe fituations have been determined by the great in- 
ftrument (hould be chofen preferably to the others; and next 
to thefe, the objects that have been fixed by one angle, taken 
with the Argyll-Street inftrument, as more to be relied upon, 
than thofe obferved with the aftronomicai quadrant 0$ 
fextant. Thus an excellent foundation is laid for the improve-- 
ment of the plan of London and its environs, which may by 
thefe triangles be rendered more accurate than would have been 
poffible by any other mode. 


Fable (hewing the bearings and diftances of objedts 
fituated in and near London, from the center of the 
Dome of St. Paul’s. 



Objects. 

Bearings from 
the north me¬ 
nd. eaftward. 

Diftances 

in 

feet. 

/- 

Eaftward 
of the 
meridian < 
of 

St* Paul’s. 

Newington Church . • 

St. Luke’s Church, Old Street 

St. Leonard’s Church, Shoreditch 

The weft pediment of Wanftead Houfe 

St. Matthew’s Church, Bethnal Green 
Chrift’s Church, Spitalfields 

Bow Church, Cheapfide 

Limehoufe Church . * 

St. George’s Church, Ratcliff Highway 
The Monument 

Severndroog Caftle, Shooter’s Hill 
Tranfit-room of Greenwich Royal Obferv. 
Eltham Church . 

Loampit Hill . . • 

Station at Norwood 

South Meridian of St. Paul’s 

0 / // 

9 59 39-3 
12 57 53-7 
44 57 39 - 8 
55 53 46-4 
59 3 1 37*3 
7° 38 37-3 
87 48 4** 

92 51 6 

98 5 ^ 56-3 

115 15 45-7 

115 28 50.4 
120 43 46 
123 46 4.2 
134 40 48.7 
175 47 18.4 
180 0 0 

17641 

4262.7 

6746.4 
36308.4 

8165.8 

5878.4 
1078.1 

15462 

8846.4 
3 Ji 4.2 

39963 

25655-5 

41091 

2345 0 - 1 

3784 1 


L 1 2 


Weft- 
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1 

Obje£H, 

Bearings iron 
the fouth me- 
rid, weftward. 

Diftances 
■ in 

feet. 

. 

Weft ward 
of the | 
meridian J 

1 of 

St, Paul’s. 

1 , 

r Stretham Church , * 

Clapham Common* - Mr. Cavendish 
Batterfea Church 

StTeter’sCh.Weftm.SWpinnacie oftheS.T 
Fulham Church 

Kew Pagoda 

Richmond, Royal Obfervatory 

St. Martin’s Church, in the Strand 

Spring Grove Houle, Sir Jos. Banks, Bt. 
St. James’s Church 

South Audley Chapel 

St, Mary’s, New Church in the Strand 

St. Clement’s Church 
jSt. Ann’s Church, Soho 

St. George’s Church, Hanover Square 

St. Bride’s Church, Fleet Street 

Argyll Street Obfervatory, Maj. Gen. Roy 
The Pantheon . . 

Hanger-hill Tower 

St, Giles’s Church 

Portland Chapel / s j 

Charlotte Street Chapel 

St. George’s Church, Eloomfbury Square 
Wind Vane of theBritilh Mufeum # 

The Tabernacle, Tottenham Court Road 
Fitzroy Chapel 

Harrow on the Hill Church 

Jew’s Harp flat ion of 178 3 

Primrofe Hill flat ion of 1788 

Hampftead Church , 

,St. Pancras Church , % 

The Small-Pox Hofpital 

Black Lane llation of 1783 , j 

Highgate Chapel. . s 4 

Mr.DuvELuz’sCupola,HornfeyLane,High. ] 
Hornfey Hill ftation of 1788 . 3 

Iflington Church . . I 

Highbury Houfe, Mr. Aubert . I 

Ditto, the Tran fit-room of his Obfervatory 1 
North meridian of St, Paul’s ji 

0 / it 

, 13 57 7-8 

26 29 56 1 
52 22 27.6 
52 32 13-2 
57 39 44-6 

71 2 36 

71 42 0.1 

74 28 59.2 

76 9 49 3 

77 49 9-8 
81 49 42.7 
81 57 27.7 

85 57 3 & -7 

86 9 38.7 

86 23 129 
90 12 42.8 

9 2 *4 37-7 

93 *9 0-2 

94 24 9 6 

94 36 28.3 

i°° 34 38.7 
101 30 23.9 
103 15 20.6 

i0 5 45 45*7 
107 20 47 1 

109 41 10.2 

M 2 7 58.3! 
M2 58 3O.7 
I23 28 4O.8 
128 56 II.8 ! 
136 43 25.8 
[ 37 38 37.8 
[ 47 53 7-7 i 
[50 59 18.1 ; 
55 27 12.8 1; 

73 24 32.3 2 

74 40 21.4 

7 s 43 11 * 5 1 

79 1 56.6.1 

80 0 0 

3093-5 

245 6 3-5 

22226 

866i.8 

30746 3 

47577-7 

51941.1 
6748 6 

57253-9 

8978 

12211.1 
4291.6 
3592-4 
7755-9 

10304.5 

071-7 
9632 _ 
9066,8 

45 8 45-2 

6917.3 
10301.4 

8500.4 

6221.1 

6701.5 

8876.2 

9559-9 

58764.2 

J 3522 

17072.8 

24x48.7 

10600.7 

8732.3 
[0790.3 
>4062.4 
>2646 
‘3297.1. 

902.8.2 
4595-7 

4561.4 
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•Computed latitudes and Ion 

the ab 

Places, 

- 

gitudes of 1c 
tove table. 

Latitudes. 

ime of the places in 

Longitude from Greenwich 

____ . ’ _._■ 

m degr. &c. 

- in time. 

St. Paul’s . • 

Highbury Houfe, Tranfit-room • 

St. James’s Church 

Argyll Street Obfervatory 

Clapham Common, Tranfit-room 
Richmond Royal Obfervatory 

0 in 

51 30 49.43 
5 1 33 ia-8 

5 1 3 ° 3 c -7 

5 1 3 ° 53 -°S 
cl 27 12.7 

5 T 28' 7-9 

0 / // 

0 5 46 8 

0 5 5 °*S 

° 8 5 

0 8 18.36 

0 8 39.2 

0.18 42.3 1 

h m fee. 

0 0 23.12 

0 6 23,37 

0 0 32.33 

0 0 33.224 
0 0 34.613 
0 114.82 


CONCLUSION. 

IN the courfe of this Paper, an account has been given of 
the commencement, progrefs, and completion of an operation, 
the firft of its kind in this country, undertaken by the com¬ 
mand, and executed under the aufpices, of^ a mod gracious and 
beneficent Sovereign, the Patron of the Sciences. 

From a liberal fupply of much better inftruments than ever 
were ufed for purpofes of this fort on any former occafion, and 
every other affiftance that could contribute towards fuccefs, the 
operation has undoubtedly derived fome peculiar advantages: 
for, befides a more accurate mode of meafuring the bafes than 
has heretofore been pradtifed, the angles of the triangles have 
been obferved fo truly, that the relative geodetical fituations 
of the ftations, as determined by plane trigonometrical com¬ 
putation, may be faid to be free from fenfible error. 

The inftrument too, by means of its tranfit telefcope, being 
admirably calculated for determining, with great precifion, the 
true direction of the meridians, their convergence to each 
other, and confequently the differences of longitude, have 
2 thereby 



262 Gen. Roy’s Account of 

thereby been obtained by angular meafurement alone, without 
any regard to difference of time, more or lefs erroneous even 
with the very beft time-keepers, and not perhaps to be de¬ 
pended upon to nearer than half a fecond, after taking a mean of 
a number of comparifons. This mode, by angular meafure¬ 
ment, was. fuggefted in the Paper of 1787; and we prefume 
to think, that the refult of the operation has fully verified the 
goodnefs of the method by the confiftency of the pole-ftar ob- 
fervations among themfelves. It may be faid to be a new mode 
of furveying, by the help of the pole-ftar as a fixed point, for 
prel'erving the accuracy of the operation, fucceflively carried on 
from meridian to meridian ; and the fame mode ftiould be 
adhered to in future. 

Another circumftance muft likewife be noticed, as having been 
propofed at the fame time, namely, the ufe of white lights 
for the diftant ftations : for without the help of thefe, ob- 
ferved with fuch an inftrument as ours, it would have been 
utterly impoffible to have determined accurately the diftances of 
Montlambert and Blancnez, the firft nearly forty-feven, and 
the laft nearly forty-eight miles from Fairlight Down. 

Without farther recapitulation, the Writer of this Account 
cannot help confidering it as being incumbent on him to recom¬ 
mend, that the trigonometrical operation, fo fuccefsfully be¬ 
gun, Ihould certainly be continued, and gradually extended 
over the whole ifland. Compared with the greatnefs of the 
objedt, the annual expence to the publick would be a mere trifle 
not worthy of being mentioned. In reality, a chief part of 
the expence, namely, that of fine inftruments, has already 
been incurred ; and it would be a pity indeed to fuffer them to 
be laid up and remain ufelefs. The honour of the nation is con¬ 
cerned in having at leaft as good a map of this as there is of 

any 
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any other country. But, by proceeding with the work in the 
lame manner as it has been begun, with more perfedl inftru- 
ments than have heretofore been ufed, and fome of thefe ap¬ 
plied in a new way, a map of the Britifh iflands will at length 
be obtained, greatly fuperior in point of accuracy to any that 
is now extant. 

One additional instrument would certainly be wanted, that 
is, a zenith fedor for the determination of the latitudes, when 
the operation came to be extended to any confiderable diftance 
from the parallel of Greenwich. But this would not be ne- 
ceftary at firft; while fuch a one is preparing by Mr. Rams- 
i>en, and which he will no doubt render the compleateft thing 
of the kind, the operation fhould be continued in the parallel 
of Greenwich, or in the perpendicular of its meridian, quite 
to the weftern fide of the ifland in the manner following. 

In more than one place of this Paper we have had occafion to 
exprefs our regret, that the recent feries of triangles did pot afford 
diftances Sufficiently great between points reciprocally vifible, 
for the bell; application of the pole-ftar observations, to the de¬ 
termination of the differences of longitude. It is believed, 
that the obfervations themfelves are extremely near the truth, 
but not wholly free from error; therefore, whatever this tnay 
amount to, on double or triple the diftance it would certainly 
be reduced to one-half or one-third part. 

Shooter’s Hill, and Nettlebed Heights on the eaftern Ikirt of 
Oxfordffiire, are reciprocally vifible at the diftance of about 
forty-fix or forty-feven miles from each other. Nettlebed 
Heights, and a thin clump of trees on the Gloucefterffiire 
range of hills, called Paul's Epiftle , about two miles weftward 
from Frog Mill, on the left hand fide of the road leading from 
thence to Gloucefter, may likewife be feen Jtrom each other at 

the 
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the difiance of fifty or fifty-two miles. This lafi commands a 
moll extenfive profpedfc over the plain of the Severn and the 
Welch mountains to a great difiance beyond it. Pen-y-Voel 
Hill, called alfo the Sugar-loaf of Abergavenny, in Mon- 
mouthfhire, would become the third Ration to the wefiward; 
and two, or at molt three. Rations more would reach St. Da¬ 
vid’s Head, oppofite to Wexford in Ireland. 

But let us fuppofe, in the firR place, the feries of triangles 
to be extended only to the third Ration, in all which fpace it 
would be wholly unneceflary to obferve any latitudes; by the 
pole-Rar obfervations, repeated a fufficient number of times on 
both fides of the pole, at each of the Rations, the length of 
the degree of a great circle, perpendicular to the meridian, 
and confequently the differences of longitude, would thereby be 
obtained to the utmoR precision. A determination of this fort 
would abfolutely be conclufive, with regard to the length of the 
vertical and radius of the parallel in the latitudes of the refpec- 
tive Rations, afcertainable by their difiances from the perpen¬ 
dicular to the meridian of Greenwich. 

The fecond part of the operation would be that of carrying 
a feries of triangles fouthward from Pen y-Poel Hill, in the 
direction of its meridian to the Britilh Channel; and after¬ 
wards extending thefe triangles in the ufual manner over the 
whole fouth part of the ifland between Kent and the Land’s- 
End. 

If, befides the zenith fedtor, another circular infirument was 
provided, and fome additional annual expence allowed, in order 
to accomplifir more fpeedily fo great and ufeful a work, at the 
fame time that the operations to the fouthward were carrying 
on, the leries of triangles, in the diredlion of the meridian of 
Pen-y-Vi. id Hill, flrould be continued to the northward through¬ 
out 
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out the extent of the ifland till it fell into the Murray Frith. 
A new meridian might then be taken more to the weft ward, 
perhaps that of Invernefs, or fome hill near it, whereby the 
feries would be extended to the North Sea, bounding the coafts 
of Sutherland and Caithnefs. 

It is unneceffary here to enter into any minute detail of what 
fhould be the fucceeding parts to be carried preferably into exe¬ 
cution, as things of this fort would naturally prefent them- 
felves, in the courfe of fuch important operations, to thofe 
entrufted with the diredion. It is however fufftciently ob¬ 
vious, that having, as above fuppofed, obtained the meafure of 
a portion of the meridian amounting nearly to fixteen degrees 
of latitude in continuity, between the Pyrenean mountains 
and the northern extremity of Britain, or more than one-fixth 
part of the diftance between the equator and the pole; the 
things of the next confequence to be obtained would be, the 
meafures of the radii of the vertical and parallel in the low¬ 
lands of Scotland, that is, in the latitude of Edinburgh, and 
again at the northern coaft. In each of thefe Situations it is 
evident, that about three degrees of longitude might be mea- 
fured with great exa&nefs. At the north, for inftance, Cape 
Wrath being made the central ftation, from thence the Orkney 
IJlands to the eaftward and Butt of the Ifland of Lewes to the 
weftward, being diftinftly feen, would confequently become the 
ftations to the right and left. 

With regard to the ulie of white lights, fo indilpenfably ne- 
ceflary in all operations of this fort, no opportunities have yet 
offered of afcertaining with precifion the immenfe diftance to 
which they may be feen in favourable circumftances of the 
weather, and with fufficient elevation of the ftations above the 
lea. Thofe commonly uled in the recent operation were only 
Voi. LXXX. Mm three 
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three or four inches in diameter, and the largeft but fix or feven. 
Augmented to nine or ten inches, exhibited on the top of one 
high hill, and obferved from the top of another, when there 
is no moonlight, and no rain or fog, they would probably be 
feen eighty or a hundred miles. In fhort, wherever the moft 
faint looming of the land in a very clear day can be difcerned, the 
lights, from their extraordinary brilliancy, would undoubtedly 
be feen in a dark night, when the air was perfectly clear. 

Hence, it will readily be conceived, how eafily and accu¬ 
rately any trigonometrical operations that might be carrying 
on in England and Ireland at the fame time might be connedfed 
with each other, by means of thefe lights, alternately exhibited 
and obferved, for inftance, on Brach-y-pwl Point , Holyhead 
Hill, and the IJle of Man, on one fide; and again on the 
mountains oj Wicklow , hill of Howih , and mountains of Mourne, 
on the other. 

In the Paper of 1787, and again in this, we have had occa- 
fion to remark on the improbability of being able to determine 
the differences of longitude, by the inftantaneous explofion of 
light, fo accurately as by angular meafurement with a fine iu- 
ffrument, applied as it has been in the recent operation. But 
iince, undoubtedly, there will be different opinions on this 
head, it will be very proper that both modes fhould be tried, 
that the refults may be compared. 

To the eaffward of Greenwich, the 'Ration for explofion 
might be taken at Montlambert, Fienne Windmill , or at Folk- 
f one Turnpike, in order to render the diftance of the extreme 
Rations as great as poffible. Any of thefe points would be 
yifible from Crowborougb Beacon, which would become the 
Ration of the Englifh aftronomer with his clock and inflru- 
ments. That of the French aftronomer would of courfe be 
7 taken 
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faken in the moft convenient place inland on the range of 
chalk hills, vifible from the place of explofion, and the eafieft 
conne&ed with the triangles of the meridian of Paris in the 
neighbourhood of Helfaut and Bouvigny. Crowborough is about 
70 miles diftant from Montlambert , and a point in the direction 
of thefe two near Helfaut would be about 32 miles inland from 
Montlambert , which would give for the extreme diftance about 
102 miles. 

If experiments of the fame kind were to be made to the 
weft ward of Greenwich, thofe very ftations, already propofed 
for the continuation of the triangular operation, would be the 
fttteft that could be chofen for the purpofe. 

Now, fuppofing the operations already mentioned in the 
parallel of Greenwich to be executed, the meridian of Pen-y- 
Voel Hill extended to the northern extremity of Scotland, and 
three degreees of longitude meafured in that latitude, while 
the Eaft India Company were carrying on operations, of the 
fame nature on the coaft of Coromandel and in Bengal, every 
thing would then be done that Britain could do within her 
own dominions, in regard to the determination of the figure 
and dimenfions of the earth. If, after this, any doubts re¬ 
mained, thefe might eafily be removed, by Portugal’s mea- 
furing a degree or two of the meridian under the equator, and 
alfo a portion of the earth’s equatorial circumference; while 
fome other nation repeated the operations at the polar circle, 
or made new ones ftill nearer to the pole, if fuch fhould be 
found pra&icable, all which has been fuggefted in the Paper 
©f 1787. For the farther illuftration of this fubjeft, it will be 
proper to refer to fig. 3. in Plate X. 

With, regard to the execution of any future operation that 
hnay, and which it is hoped will, be hereafter undertaken in 

Mm2 Britain, 
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Britain, there remains but one point more to be mentioned, 
that is, the meafurement of new bafes. In the execution of 
the great map of France, no fewer than feveenteen were mea- 
fured. But, with fuch inftruments as have been ufed in this 
country, a fmaller number would fuffice; and the beft fitua- 
tions for the purpofe will naturally prefent themfelveS in-the 
courfe of the operations. 

Thofe that immediately occur to the Writer of this Me¬ 
moir, as likely to be found the moft proper, are the following, 
viz. 

1. On Sedgemoor in Somerfetlhire. 

2. On Bofton Fens in Lincolnihire. 

3. On the fands on the coaft of North Wales< 

between Pen man Mawr and Beaumaris, . at low water 

4. On the fands between Holy Ifland and jfpring tides. 

Berwick upon Tweed, * ... 

5. On Kincairden and Flanders Mofs, weftward from Stir- 

ling ‘ 

6. On the fands on the coaifcof Aberdeenftiire^ 

between tile mouth of the Don and Newhurgh, at low water 

7. The fands on the coaft of Murray, between Jfpring tides, 
the mouths of the rivers Findhorn and Nairn, 

8. On the Moan morafs, inland from the Whiten Head, on 
the coaft of Sutherland. 

In the meafurement of thefe bafes, which fhould not be 
lefs than fix, but as often as poffible even eight or ten miles in 
length, there would not be any neceflity for that wonderful 
exaTnefs that was requifite for determining the length of the 
fir ft and fecond bafes on Hounflow Heath and Romney Marlh. 
Suppofing them to be executed with the fteel chain alone within 
a few feet of the truth, it would be perfectly fufficient to Ihew 
1 that 
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that no error of any confequence had accumulated in carrying 
on the operation to thefe diflant points refpedlively, even as far 
as the remote ffiore of the Northern Ocean. 

Finally, in order to preferve the primitive fcale of distances, 
whereon the accuracy of the recent operation, and all future 
ones that may hereafter be connected with it, muft always be 
fuppofed to depend, it is indifpenfably neceflary to eflablifh, 
without lofs of time, fome permanent marks at the extremities 
of the bafe on Hounflow Heath *. Thefe fhould be low cir¬ 
cular buildings, riling but a few feet above the furface of the 
Heath, compofed of the hardefl materials, fuch as granite, and 
conflru&ed in the moll durable manner by dove-tailing the 
Hones into each other. They would referable thofe bafements 
of ancient crofles we often meet with, formed into regular 
Heps, whereby the afcent is rendered eafy to the top of a 
circular table or platform, of fufficient dimenlions for the re¬ 
ception of the great inflrument on any future occalion. 

In the interior part of thefe little buildings, metal tablets 
would be inferted, containing the name of that much-beloved 
Monarch in whofe reign the operation was begun, and thefe 
buildings executed; the diflance from one to the other; the 
angle of the bafe with the meridian; and alfo the magnetical 
variation. 

It is not to be doubted, that the refpe&ive lords of the ma¬ 
nors will readily vefl in the Royal Society, the property of the 
two fmall fpots of the Heath fufficient for the erection of thefe 

* Soon after the meafurement of the bafe, Mr. Mylne, F. R. S. at my 
defire, was fo obliging as to give a defign for a building of this kind, which, 
being conftruaed nearly in the way of the Eddyftone Light-houfe, executed by 
the ingenious Mr. Smeaton, would anfwer very well. 

termim. 
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termini. They fhould be carried into immediate execution; 
for, if this bufinefs fhould be poftponed for any length of time, 
there will be danger of its being altogether forgotten. In a 
few years the wooden pipes funk in the earth will decay; and 
thus the primitive fcale of diftances, which coft fo much 
labour and expence to obtain, will be irretrievably loft. 
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APPENDIX. 


O UR late much refpe&ed Colleague, Major-General Roy, 
having finifhed, in September 1788, the trigonometrical 
meafurement defcribed in the firft Part of this Volume, re¬ 
turned to London in a very indifferent Rate of health. From 
this time he employed all the leifure that his illnefs, and his 
various official avocations, allowed, in preparing the account 
of his operations, to be laid before the Royal Society. But 
toward the autumn of 1789 his infirmities encreafed fo much, 
that the medical Gentlemen he confulted advifed him to fpend 
the following winter at Lifbon, for which place he accordingly 
embarked in the beginning of November. Previous to this, 
however, he finifhed the firft Copy of his Paper; but it was 
much hurried toward the latter part, and not rendered fo per¬ 
fect as the General would undoubtedly have made it with more 
time and better health. He returned to England in April 
1790, and the Paper was fent to the prefs before the end of the 
fame month. Unfortunately the General did not live to fee the 
printing quite completed; he cofredted, indeed, all the fheets 
except the three laft; but without comparing his manufcript 
copy with the original papers and obfervations. Several errors 
which had been diicovered in the courfe of the printing, toge¬ 
ther 
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ther with the obfcurity of the account in certain parts, induced 
fomeof the General’s Friends, Members of the Royal Society, 
to requeft, after his deceafe, that the whole might be revifed by a 
competent perfon, who Ihould compare it with the original do¬ 
cuments, correct fuch mi flakes as might be difcovered, and 
illuftrate whatever required further explanation. No one could 
he found fo proper for this talk as Mr. Dalb y, the Gentleman 
of whom the General makes fuch honourable mention in his 
Paper, and who, having affifted in all the operations, was as 
well acquainted with every part of them as the General him- 
felf. The refult of Mr. Dalby’s examination is the following 
Remarks; which being much too long for infertion in the lift 
of errata (where only the errors of the prefs are noticed) is 
here added feparately, by way of Appendix. 

C. BLAGDE N, 


Remarks 
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Remarks on Major-General Roy’s Account of the Trigonome¬ 
trical Operation , from Page 111. to Page 270. 2^/s Volume. 

By Mr. Ifaac Dalby. 


P AGE 134. 1 . 20, &c. The inclinations of the bafes with 
the meridians were determined by fpherical computation, 
and therefore can only be confidered as nearly true. 

P. 171. 1 . 6. from bottom, for we have area in feet put we 
have log. area in feet. 

P. 173. in the VIII triangle, for 0.01 put o.r. 

P. 174. in the IX triangle, for 0.88 put 0.83. 

P. 175. in the XVII triangle, for 71855 put 71885. 

P. 177. This method of making the comparifon on a 
long diftance, when the meafured bafes are fhort, and nearly 
of the fame length, feems preferable to that of carrying 
the computation direCtly from one bafe to the other. Determi¬ 
nations of this kind, however, muft always be uncertain to 
particular limits on account of the inaccuracy of inflruments 
and obfervations combined with the unknown figure and dimen- 
fions of the earth. Was the earth a fphere of a known mag¬ 
nitude, the moft natural method of computation would have 
been by fpherical trigonometry, after the obferved angles had 
been corrected for that purpofe; which method (fuppofing the 
angles wanted no correction, or each had been accurately ob¬ 
ferved) would (hew which bafe was meafured neareft the truth. 
Or the fame thing might alfo be obtained by plane trigonome- 
Vol. LXXX. 4 H try, 
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try, ufing the chords of the meafured bafes, and the angles 
formed by the chords of the other fides of the triangles (which 
angles might then be found from the horizontal ones) inftead 
of the obferved angles. 

In the application of plane trigonometry to the obfervations, 
that part of the earth’s furface to which the operation has been 
confined, is confidered as a plane, and the meafured bafes as 
right lines on that plane; but whether the computations are 
made on this principle, or attempted on that of taking the 
bafes and the other fides of the triangles as chords, there feems 
to be no certain rule for reducing the obferved angles of each 
triangle to 18o°, fo as to give the diftances the mod: correct, 
which would alfo be the cafe if the angles of each triangle had 
been taken in the fame plane; hence it is evident, that the 
method of corre&ion has been in fome degree arbitrary; 
for, though the fum of the three obferved angles of each tri¬ 
angle is in general very near what it ought to be (taking the 
earth as a fphere); yet, when that fum is not exactly i8o°, 
in reducing them to plane ones, each obferved angle may be 
taken as a plane one, and the other two augmented in cafe of a 
defed; but each ought to be diminiflied when there is an ex- 
cefs in the obferved fum. In making thefe redudions, however, 
it is evidently neceflary to confider whether each of the obferved 
angles is equally well afcertained, and corred them accordingly; 
but this mull be left to the judgement of the obferver. 

From the foregoing confiderations, it follows, that the an¬ 
gles of the triangles taken as plane ones may be varied to cer¬ 
tain limits, and confequently the oppofite fides deduced there¬ 
from muft vary to certain limits alfo; but it is evident, that a 
mean of the extreme refults, obtained in this manner, will be 
very near the truth; and therefore this method of making the 

comparifon 
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domparifon feems lefs liable to objection than that by a fingle 
corredtion of the fame angles. Accordingly, if we vary the 
angles (in reducing them to 18o°) from Hounflow Heath to the 
XIII triangle, fo as to produce the greateft and leaft effedts on 
the lengths of the oppofite fides, there will refult 141750! 
and 141746-1 feet, nearly, for the greateft and leaft, and 
141748I for the mean diftance of Fairlight and Hollingborn. 
Iu like manner, the bafe on Romney Marftl will give 
141745.6 and 141744.4...feet. Heady, and the mean 141745 
feet, for the diftance of the fame ftations; the difference in 
the mean refults is 3! feet on a diftance of near 27 miles ; 
and therefore the bafe on Hoqnflow Heath meafures the other, 
by thefe determinations, to about 9 inches; and, becaufe the 
latter bafe is the longeft, it would meafure the former on 
Hounflow Heath to fomething lefs. 

The diftance of the ftations of Fairlight and Hollingborn in 
the XIII triangle is 141747.1 feet, and from this all the dis¬ 
tances to the eaftward are computed ; but if the bafes are mea- 
fured equally exadt, the diftance of the above ftations, or 
141745 feet, determined from the bafe on Romney Marftl, 
muft be more corredt than the other, becaufe the connedlion of 
Fairlight and Hollingborn with this bafe is formed by three or 
four triangles only, whereas on the other fide, the computation 
runs through eight or nine. The difference, however, is but 
2 feet, and that in an extent of almoft 27 miles, which will 
make about 7§ feet lefs for the diftance between the meridians 
of Greenwich and Paris. 

Among the angles corredted for computation, it will be per¬ 
ceived, that fometimes the quantity of an angle feems not to 
be exadtly what the obferved angle ought to give. In thefe 
cafes the obferved angle is lefs to be depended on than the 

4 H a others 
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others of the fame triangle: for inftance, in the fir ft triangle 
the obferved angle at Hanger Hill is 42 0 2 / 32", and that for 
computation 42 0 2 / 34"; now this angle was not taken fo 
accurately as could be wifhed, but the others were repeatedly 
obferved. 

P. 178. in the XXIX triangle, for i%6n% put 147386.9. 

P. 180. in the XXXIV. triangle ,for 252469.9^/f 252496.9. 
As the obfervations at Fairlight and Dover are omitted, upon 
which the angles of the XXXIII and XXXIV triangles de¬ 
pend, it will be neeeffary to give them, and alfo fhew the 
manner of obtaining thefe angles. 

At Dover Caftle, the angle between the white 
light at Montlambert and the lamp at iPadlef- o t /t 
worth was obferved . . • . 109 8 25.5 

Correfted for computation . . . 109 8 25 

At Fairlight, the angle between the white 
lights at Montlambert and Blancnez was ob¬ 
ferved .■>. . . . . 17 46 5 

For computation . . . 17 46 3.5 

Between the lamp at Lydd and white light at 
Blamcnez . . . . 18 2 31 

For computation . . . 18 .2 311.5 

The acute angles in the XXXII triangle refult from the 
other angle and including fides 1473 8 6.9 and 425 61.18. 


Angle at Fairlight | 


in the XXIX triangle 
in the XXXII triangle 


jo / // 

l 3 3 8 2 *95 
6 6 39,43 


Angle at Fairlight between Dover and Lydd 7 31 .23*52 
Angle at Fairlight between Lydd ;and.:"Mont- 
lambert (17 0 46' 3 'T + 18 0 2 / i 3i / 'i) . 35 4 % 35 

Angle at Fairlight in the XXXIII triangle 43 19 58.52 
1 Angle 
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of the ^rigonmetrical Operation. 

Angle at Dover between Padlefworth and 
Montlambert . . . 109 8 25 

- at Dover in the XXXII triangle 21 37 55.42 

Angle at Dover in the XXXIII triangle . 87 30 29.58 

The third angle, or 49 0 9' 31 ".9 at Montlambert, is the 
fupplemental one. 

If from the angle at Fairlight in this triangle we take 
17 0 46' f'\ we have 25 0 33' 5f'*02 for the angle at Fairlight 
in the XXXIV triangle; and if to op' we add 

23^25' 0^25 (tjhe angle at Dover in the XXXV triangle) it 
gives iio° 55' 29".83 for the angle at Dover; that at Blanc- 
nez is the fupplemental one. 

The fituation of the ftation at Montlambert, as determined 
by the obfervations made on this fide of the Channel, has not 
however totally depended on thofe made at Fairlight and (Dover; 
another oblervation at Padlefworth has been ufed by way of 
check, or verification. This was made in a very favourable 
Hate of the air, when the angle between the flag-ftaff at Do¬ 
ver and mart at Montlambert was found to be 58° 27' 1 i"i t 
which is nearly what refults from computation ; for 42561.18 
and 168821.07 feet, the refpedtive dilfances of Dover from 
Padlefworth and Montlambert, with the included angle 109° 
S' 25", give this angle 58° 27' 

It ought to be remarked, that the angle at Blancnez 119 0 
41'' 2'8 // .9, communicated by M. Cassini, is an horizontal 
one; that of the XXXV triangle, or 119° 41'4FC6, is the 
refult of a computation by plane trigonometry, which, if 
accurate, fhould be left than the horizontal one at the fame 
point, and therefore the maximum of the difference rauft be 
fomewhat greater than 1 2".7. 
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P. 182. &c. The triangles after the XXXVI, and what fol¬ 
lows to the end of the article, do not feem necefiary, on our 
part, to complete the triangular connection between Green-' 
wich and Paris, becaufe it may be done in the following man¬ 
ner from the triangle formed by Dover, Calais, and Dunkirk, 
In this triangle, the fide between Dover and Calais is 137449.9" 
feet (fee the XXXVI triangle); and by M. Cassini’s Paper, 
communicated in 1789, it appears, that the fide between Ca¬ 
lais and Dunkirk is 19349.34 toifes (= 123729.3 feet), and the 
included angle at-Calais 139° ij' 3$".6; thefe give 19 0 14' 
i3 // .i and 21° 28 / 11 ".3 for the other two angles, and 244919 
feet for the diftance of Dover and Dunkirk; alfo 28232.7 for 
what Dunkirk is fouthward, and 243287 feet for what it is 
ealtward, from Dover • this laft added to 307366.8, the dif¬ 
tance of Dover from the meridian of Greenwich, gives 
547053.8 feet for what Dunkirk is eaft from the meridian of 
Greenwich on a parallel to the perpendicular; but the length of 
the arc of the great circle which pafles through Dunkirk, and 
is perpendicular to the meridian of Greenwich, is very near 
the fame as the length of this parallel, or 547053.8 feet (though 
accurately fomewhat Iefs) ; hence, if we take 61247! fath. = 
x°, we have i° 29' 19".1 for that arc, and the latitude of 
Dunkirk being 51° 2' 9".3 (See Se<ft. VI. Art. 12.); there¬ 
fore, cofine 51 0 2' 9" .3 : rad. :: fine T 29' ig".i : fine z° 
zz / 3".8 the longitude of Dunkirk (agreeing with that in 
Art. 12.) ; and rad. : tang. 5C 2' 9^-3 :: tang, T 29' ig".i : 
cofine 88° g / 34 // for the other angle of this triangle of which 
the co-latitude of Dunkirk is the hypothenufe. 

Dunkirk is eaft from the meridian of Paris 1416, or 1430 
toifes (fee Art. 12. SedL VI.), a mean of thefe give x' 29". 
as an arc of a great circle ; this, with the co-latitude of Dun- 

5 kirfc 
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kirk for the hypo'thenufe, will give 89° 58' 10" for the, angle be¬ 
tween the meridian and this arc ; hence 89° 58'10" - 88° f 
— i° 48 y 36''' is the angle at Dunkirk between the two arcs; 
one perpendicular to the meridian of Greenwich, and the other 
to that of Paris; therefore, if we take 1416, or 1430 toifes, as 
the leg of a plane triangle adjacent to this angle, we get 9059, 
or 91481 feet, for the diftance of the meridian of Paris from 
Dunkirk on a great circle perpendicular to the meridian of 
Greenwich; thefe taken from 547053.8 will leave 537994.8 
or 537905.3 feet, for the y diftance between the meridians of 
Greenwich and Paris on that circle, according as Dunkirk is 
1416 or 1430 toifes from the meridian of Paris. 

Should it be thought more accurate to make ufe of the diftance 
between Calais and Dunkirk, according to the fcale in the 
XXXV,triangle deduced from the Englifh obfervations acrofs 
the Channel, it is had at one proportion thus; as 12077.85 
toifes (the French diftance between Blancnez and Montlam- 
bert) is to 77235 feet (the Englifh diftance) fo is 19349.54 
toifes (the French diftance of Calais and Dunkirk) to 123734,5 
feet, as in the XL triangle, which exceeds the French diftance 
about 5 feet: this will give the diftance between the meridians 
of Grenwich and Paris 4.4 feet more than the above determina¬ 
tion. But was the bafe on Romney Marlh adhered to, it would 
give the diftance about 3 feet lefs; and therefore the refults of 
the French triangles on their coaft would agree nearer with the 
deductions from this bafe than from the other on Hounflow 
Heath. 

P. 187. in lines 1. and 8. for 358.6 put 349.4; and confe- 
quently in line 10 .for 133409.8 put 133419. This error is the 
caufe of the difference in the diftances of the parallels of latitude 
of Greenwich and Paris as given in Art. 10. and 13. SeCti VI.: 

for. 
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for, in pages 185. 187. we have 133746.3 and 133768.4 fath. 
the diftances of Dunkirk north from Paris, the mean is 
133757.45 if from this we take 358.6, we have 133398.8, as 
in Art. 10.; but fubtra&ing 349.4, gives 133408 for what M 
is north of Paris, which added to 27248.2 there refults 
160656.2 agreeing with that in Art. 13. 

P. 190, 191. It will immediately be perceived, that the 
columns in the table of general refults here alluded to, have 
been filled by a method fimilar to that of working a traverfe. 
The following table, however, w|s previoufly drawn up to 
facilitate the computations, and by which the numbers in the 
two firft columns of diftances may at any time be eafily exa¬ 
mined. 

This table will readily be underftood; for, if we fuppofe 
parallels to the meridian of Greenwich to be drawn through 
the ftations on the left, oppofite on the right are the angles 
which the adjacent ftations make with thefe parallels. 


Greenwich Obf. 
Norwood 


Hundred Acres 


Hanger Hill 


Norwood 

n 

3 8 

/ 

7 

16 SW 

Greenwich Obf. 

3 8 

7 

16 NE 

Hundred Acres 

42 

22 

39.2 SW 

Hanger Hill 

49 

3 1 

22.7 NW 

Norwbod 

42 

22 

39.2 NE 

Hanger Hill 

19 

5 ° 

1.7 NW 

St. Ann’s Hill 

73 

48 

38.3 NW 

Norwood 

49 

3 1 

22.7 SE 

Hundred Acres 

*9 

5 ° 

1.7 SE 

Hampton Poor-houfe 

23 

3 ° 

53.4 SE 

St. Ann’s Hill . 

48 

34 

42.2 SW 

King’s Arbour . 

65 

33 

27.4 SW 


Hampton 
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Hampton Poor-houfe 

King’s Arbour « 

St. Ann’s Hill * 

Greenwich Obf. . 
Severndroog Caftle 

Botley Hill 

JFran t 

Wroth am Hill 


'Hanger Hill . 23 30 53.4 NE 

< King’s Arbour . 44 24 45.6 NW 

-St. Ann’s Hill . 74 8 40.9 SW 

|’HangerHill . 65 33 27.4NE 

I Hampton Poor-houfe 44 24 45.6 SE 
1 St. Ann’s Hill . 29 49 49.4NW 


(Windfor . 87 29 43.1 NW 

S King’s Arbour . 29 49 49.4 NE 

Hanger Hill . 48 34 42.2 NE 

, Hampton Poor-houfe 74 8 40.9 NE 

I Hundred Acres . 73 48 38.3 SE 

(.Windfor . 29 19 24.6 NW 


Severndroog Caftle 
Greenwich Obf. 
Botley Hill . 
Wrotham Hill . 
f Severndroog Caftle 
j Wrotham Hill . 

1 Goudhurfl; 
j^Frant 
Botley Hill 
Wrotham Hill 
'vHollingborn Hill 
/Goudhurfl: 

(Fairlight Down 
Severndroog Caftle 
Botley Hill 

I Frant . 

Goudhurfl 
Hollingborn Hill 
4 I 


73 49 34 SE 
73 49 34 NW 
11 23 18.5SW 
46 18 30 SE 
11 23 18.5NE 
79 16 28.7 NE 
60 38 49.3 SE 
43 28 20.3 SE 
43 28 20.3 NW 
6 5 ° 57*7 NE 
55 l 9 35-3 NE 
82 24 11.4NE 

45 17 22.7 SE 

46 18 30 NW 
79 16 28.7 SW 

6 5 ° 57-7 

25 12 14.7 SE 

77 2i 25.7 SE 
Goud- 
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Faislight Down . 


Hollingborn Hill 


Tenterden Church 


Lydd Church • 
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^Hollingborn Hill 

o 

3 8 

/ 

5 i 

47.3 NE 

Tenterden 

7 2 

54 

53-3 SE 

Fairlight Down 

2 3 

15 

17.5 S£ 

Frant 

82 

24 

11.4SW 

Botley Hill . 

60 

i 8 

49*3 NW 

- Wrotham Hill . 

2 5 

12 

14.7 NW 

"Frant 

45 

>7 

22.7 NW 

Goudhurft 

2 3 

15 

17.5NW 

Hollingborn Hill 

3 

8 

32.3 NE 

^ Tenterden 

12 

5 

40.9 NE 

[ Alljngton Knoll 

45 

46 

21.3 NE 

j Lydd 

67 

4 

58,3 NE 

| Blancnez 

8 5 

7 

29.7 NE 

l-Montlambert 

77 

6 

26.7 SE 

"Wrotham Hill 

77 

21 

25.7NW 

Frant , 

55 

*9 

35*3 SW 

Goudhurft 

S 8 

5 1 

47*3 sw 

1 Fairlight Down . 

3 

8 

32.3 sw 

Tenterden 

,5 

46 

56.8 SE ; 

^Allington Knoll 

45 

47 

55*7 SE 

fHollingborn Hill 

5 

46 

56.8NW 

| Goudhurft 

J 

72 

54 

53.3 NW 

1 Fairlight Down 

12 

5 

40.9 SW 

| Lydd 

5 ° 

27 

11.6 SE 

^Allington Knoll 

85 

47 

25.3 NE 

"Fairlight Down 

6 y 

4 

58.3 SW 

Tenterden . 

5 ° 

27 

x i.6 NW 

Ruckinge 

6 

16 

20.4NW 

- Allington Knoll 

12 

46 

5S.3NE 

High Nook 

37 

4 

28.1 NE 

Padlefworth . 

41 

10 

52.6 NE 

Folkftone Turnpike 

50 

49 

22 NE 




Ruckinge 
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Ruckinge 


Allington Knoll . 


High Nook 


Padlefworth 


Folkftone Turnpike 


Swingfield 


'Lydd 

6 

1 20.4 SE 

< High Nook 

55 

J 5 

9.8SE 

^Allington Knoll 

7 ° 

2 5 

31.6 NE 

r Hollingbom Hill 

45 

47 

55.7 NW 

Tenterden 

35 

47 

25.3 sw 

Fair light Down 

45 

46 

2I.3SW 

4 Lydd . 

12 

46 

58.3SW 

j High Nook 

21 

1 

47.8 SE 

^Folkftone Turnpike 

82 

56 

18.9 NE 

r Allington Knoll 

21 

X 

47.8 NW 

Ruckinge 

55 

*5 

9.8 NW 

-Lydd 

37 

4 

28.1 SW 

Folk Hone Turnpike 

53 

39 

12.6NE 

Padlefworth 

43 

50 

47.1 NE 

rHigh Nook * 

43 

50 

47.1 SW 

Lydd 

41 

10 

52.6 SW 

< Folkftone Turnpike 

64 

18 

47.4 SE 

Dover Caftle , 

8x 

11 

30.1 NE 

Swing-field * 

44 

47 

7.1 NE 

'Lydd 

5 ° 

49 

22 SW 

High Nook , 

53 

39 

12.6SW 

Allington Knoll 

82 

5 6 

18.9 SW 

Padlefworth . 

64 

18 

47.4 NE 

Swingfield "» 

0 

5 i 

7.8 NW 

- Dover Caftle , 

6 5 

5 2 

45.6 NE 

'Padlefworth 

44 

47 

7.2 SW 

< Folkftone Turnpike 

3 

5 1 

7.8 SE 

w Dover Caftle 

79 

2 7 

47.8 SE 


4 1 2 


Dover 
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Dover Caftle 


o / it 

'Swingfield 79 27 47.8NW 

Padlefworth 81 11 30.1 SW 

Folkftone Turnpike 65 52 45.6 SW 
Montlambert 27 56 54.8 SE 

Blancnez . 51 21 55.1 SE 

* Calais . 64 8 37.1 SE 

Dunkirk . 83 22 52.9 SE 

—-by M. Cas¬ 

sini’s diftance of 
Dunkirk and Calais 83 22 50.2 
_Point M , 82 33 14.4 SE 


The difference between the complement of 82° 33' i4 // .4 and 
the angle at M in the XL triangle is 14 0 51' 3 // -9, the angle 
RMC referred to in Art. 10. and 21. Se<ft. VI. 

P. 194. It is faid, that the angle ABi> (PI. X. fig. 2 ) is 
equal to the angle BAr, and confequently at p. 199. that the 
fum of the obferved angles PAB, PBA, are equal to the fum 
that would be found on a fphere. This (though extremely 
near in any of the fpheroids hitherto affumed for the figure of 
the earth) is not geometrically true when the points of obfer- 
vation are on the furface of the fpheroid, and each angle taken 
exactly in the plane of the horizon. For, it is evident, that to 
have the fum accurately the fame, the points A, B (the places 
of obfervation) muft be at equal diftances from G and W; and 
therefore, if at any two points thus taken in the verticals GA, 
WB, the angles are fuppofed to be in planes parallel to the 
refpe&ive horizons at A and B, their fum will always be the 
fame. Hence, becaufe the vertical WB is greater than GA, 
if the angles are accurately horizontal ones at A and B, their 
fum muft be greater on the north fide, and le/s on the fouth, 

than 
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than on a fphere, except the latitudes of A and B are the fame. 
The difference, however, is fo minute, that for practical pur- 
pofes they may be conlidered as equal (as in this Se&ion and 
the corollary, p. 215.), without fenfible error. In the example 
at p. 196. the difference in the fum of the horizontal angles at 
A. and B on this fpheroid, and on a fphere, is a fmall fraction 
of a fecond; but it requires a nice computation to difcover the 
exa£t quantity. The method, however, is to compute the 
angle at B in the fame manner as that is done at A; or by 
taking the point of obfervation in the vertical GA produced, 
168 fathoms (the difference of the verticals WB, GA) above 
the furface at A, and determining the diminution in the hori¬ 
zontal angle by a re-computation. 

By purfuing a method of computation limilar to that for the 
point A at p. 196. it is evident, that the three horizontal angles 
of any triangle on a known fpheroid may be determined. 

P £95. bottom line, for AGH put AGK., 

P. 203. There feems a miftake towards the latter part of 
this page; becaufe it will be feen, that no fuch fpherical tri¬ 
angles have been ufed in the computations but in Art. III. 
p. 206. 

P. 205. 1 . 13. from bottom. This mu ft allude to one place 
of obfervation only ; becaufe in this operation (where the lati¬ 
tudes have not been obferved) a principal advantage lies in hav¬ 
ing one of the ftations (like BotleyHill) on, or nea!r the meri¬ 
dian of Greenwich, on account of obtaining its latitude pretty 
exad; but the farther off the other place of obfervation is, 
the better it is for the purpofe. 

P. 207. In 1 . 14. from bottom, for :: P * put :: fine P*. 

P. 208. from 1 . 5, to the period in 1 . 12. from bottom> fhould 

run thus: 


If 
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If the latitude of the point B was given, and the earth a 
fphere, the co-latitude BP and the obferved angles PBG =: 
119 0 2i' 13". 2, and PGB = 6o° iy / 1 5". 7, would give PG 
the co-latitude of G, and the angle BPG the difference of 
longitude of B and G. 

Taking a fphere whofe diameter is nearly a mean between 
thofe in M. Bouguer’s fpheroid, the length of a degree of a 
great circle is 60859.1 fathoms, and the latitude of B will be 
51° 16' 4i x/ .45; therefore BP = 38° 43 x 18G54 ; this, with 
the obferved angles at B and G, give PG=r 38° 53' 6G72, and 
the angle BPG, .or difference of longitude — 27' 36". 7 ; there¬ 
fore in the right-angled fpherical triangle PRG, rad.: tang. GP 
:: cofine angle RPG : tang. 38° 53'' 3".47 = RP ; and rad.: fine 
GP :: fine RPG : fine 1 7' ao^rrRG. 

P. 209. 1 . 9. for 51 0 16' 46" put 51° 16'' 46". 1. 

P. 213. Correct the title of this Article, by reading geo - 
deticai meafurement for “ pole-Jiar obfervations," in the fir ft 
line. 

P, 217. After the word u meridian”, in the third line of 
Art. X. inftead . of “ and alfo the differences of latitude and 
longitude have been obtained by very accurate obfervations of 
the pole-ftar made at certain ftations to the eaftward of Green¬ 
wich,”, read and alfo the difference of longitude between 
Botley Hill and Goudhurft have been obtained by obfervations 
of the pole-ftar.-—A correction of this kind feerns neceftary, 
bccaufe the pole-ftar obfervations have not been ufed in finding 
the differences of latitude. From the directions of the meri¬ 
dians at the above ftations, the value (in parts of a degree) of 
the meafured arc of a great circle, perpendicular to the meri¬ 
dian, has been determined ; hence the lengths of the degrees 
in the Table, p. 227. have been inferred. The diftances from 
4 ths 
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the meridian of Greenwich (in the Table of General Refults) 
have been converted into degrees, &c. according to this Ta¬ 
ble; and the others from the perpendicular in the next co¬ 
lumn, according to M. Bouguer’s fcale on the meridian 
(which is had fufficiently accurate from the Table, p. 298. Fig. 
de laT. or that at p. 228. Phil. Tranf. 1787, by an ealy 
approximation) thefe meridional arcs applied to the co-latitude 
of Greenwich, with the other arcs perpendicular to the meri¬ 
dian, form the legs of the triangles by which the latitudes and 
longitudes of the Rations have been computed. The meri¬ 
dional arcs, however, have been cor re died, as in the example 
in this Article (where the value of Rr has been added) when 
the diftances of the Rations from the meridian of Greenwich 
are confiderable. 

In determining the latitude of M in this Article, a fpheroidi- 
cal corredtjon has been applied to the refult by fpherical trigo¬ 
nometry, as in Art. VII. but that computation is made on a 
figure of known dimenfions, and confequently the latitude of 
r (fig, 7.) is given j but it does not follow, that the true lati¬ 
tude of r (fig. 10.) would exadtly correfpond with M. Bou¬ 
guer’s hypothefis, though the length of the whole meridional 
arc between Greenwich and Paris is found to agree extremely 
near; and therefore no correction of this kind is applied to the 
other latitudes in the Table of General Refults. 

The greateft accuracy, however, is abfolutely neceflary in 
determining the directions of the meridians if we would derive 
fatisfadtory conclufions therefrom, when the places of obferva- 
tion are obliquely fituated with refpedt to the meridian, and at 
a diRance from each other not greater than that between Botley 
Hill and GoudhurR, becaufe an error of 1" in the horizontal 
angle at either of thefe places will produce an error in their 

difference 
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difference of longitude of \".z of a degree, and confequently 
a variation of about 6 y/ in the longitude of Dunkirk or Paris. 

Was the diftance of the ftations about 36 miles, the error 
in longitude would be the fame as that in the horizontal angle, 
or \". 

The length of the arc RG (PI. X. fig. 5.) is 17695 fathoms, 
and its value 1 7' 20 y/ .p6 as an arc of a great circle perpendicular 
to the meridian. Now, was the earth a fphere, the length 
of any arc, would be to the number of degrees it contained, as 
17695 to 17' zo".06 ; but this is not accurately the cafe on a 
fpheroid ; though, on this account only, the error in longitude 
(which is in defeCt) deduced from an arc of a great circle ob¬ 
tained in the above manner, muff be fmall to the extent of 3 
or 4 degrees (in the latitudes of the places of obfervation) on 
a fpheroid not more oblate than the earth. 

It may be obferved, that in determining the differences of 
longitude by the pole-ftar obfervations, the ffations fhould be 
as nearly eaff and weft from each other as the nature of the 
country will permit, becaufe in that direction, any errors which, 
maybe thought to arife from the uncertain inclination of the 
verticals on the fphOroid, will vanilh; and, what is of more 
confequence, a longer arc of a great circle perpendicular to 
the meridian will thereby be determined than could be in any 
other direction with the fame diftance. On this account the 
ftations at Botley Hill and Hollingborn Hill (for one is feen 
from the other) are eligible. Their diftance is about 28| 
miles, which would meafure near 24' of a degree of a great 
circle perpendicular to the meridian. 

P. 220. Art. XI. feems to want correction : for, if Mg is 
a lefler circle parallel to the meridian GR, it will cut the great 
circles rM, Gg, at right angles. Hence, RMC — RMr 



of the Trigonometrical Operation . 609 

(14° 51' 3 ".9 - i9 // < 42)=:i4 0 50' 44". 5 = rMC, which added 
to 90° (rM^) gives 104° 50'' 44 "•$ for the angle ^MC ; from 
this take i° 48' 38 // .6 (PMg), and we have 103° z'$"'<) foe 
the angle PMC deduced according to this method. But it can¬ 
not be faid to refult from the Britilh obfervations, becaufe the 
French angles were made ufe of to the eaftward of Dover for 
obtaining the angle RMC, on which it depends. 

P. 227. The lengths of the degrees of longitude in the 
Table were found thus: as radius : cofine of the latitude :: 
length of a degree of a great circle perpendicular to the meri¬ 
dian : length of a degree of longitude. This proportion is 
true on a fphere, but not accurately fo on a fpheroid. 

P. 229. for 43 0 39' put 48° 39', the latitude of St. Malo. 

As the new longitudes in this Table have not all been obtained 
in the fame manner, it may not be improper to give the me¬ 
thods of computation. 

The latitude of Stralbourg (fOefdrip . Geom. ) is 48° 34' 50", 
and its diltance from the meridian of Paris 204779 toifes 
(—218243.17 fathoms) which, if we take 61225 fathoms = i° 
(fee the Table, p. 227.) gives 3 0 33'' 52 // .6; hence, as cofine 
48° 34' 50" : rad. :: fine 3 0 33'' 52".(> : fine 5 0 23'' 33" the 
longitude. 

In the Connoifance des Temps 1788, the latitude of Straf- 
bourg is 48° 34' 35", longitude 5 u 26' 18"; therefore, as 
rad. : cofine 48°!34' 35" :: fine 5 0 26'' i8 // : fine f 33' 4 
the arc of the great circle (from which its longitude was com¬ 
puted) palling' through Stralbourg, and falling perpendicular 
on the meridian of Paris. 

According to the Advertifement in the Map of France, the 
French computations have been made with a degree containing 
57060 toifes ( = 60811,7 fathoms); therefore, if we reduce 

Vol. LXXX. 4 K. 3 0 
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3 0 35' 42 v .3 in the proportion of 61225 to 60811.7, we have 
3 0 34' lf'.g for the value of that arc when 61225 fathoms is 
= 1° ; hence coline 48° 34' 35" : rad. :: line 3 0 34' 14'".9 : line 
5 0 24' 6", the other longitude of Stralbourg. By the latter 
method the longitude of Cordouan was computed; but the 
other longitudes according to the former. The diftances from 
the meridian of Paris are to be found in the publications 
alluded to in the above page. 

P. 232. In the Table of General Refults, for i° 8' 9" and 
4 m. 32 s. 36th. put i° S' 4" and 4 m. 32 s. 16th. 
the longitude of Padlefworth. 

Againft Calais, for 7 m. 23 s. 15.8th. put 7 m. 23 s. 
15.2th. 

Againft Faiflight Down, in the laft column but 
two, for 539.5 put 593.5. 

P. 239. 1 . 15. for fig. 12. put fig. 13. 

P. 242. 1 . 1 a. from bottom, for f 55" put fig. f 35". 

P. 243. 1 . 13. for OK.T put OKr. 1 . 5. from bottom, for 
kt put kL. 

P. 224. 1 . 11. for 7 // £ put 7|. 

In the Table facing p. 246. in the column of mean refraction, 
for o' 15 // .4 put T 28". 1. 

In addition to the examples of refra&ion in Se£t. VII. the 
following (which was overlooked when this part was drawn up) 
may not improperly be given, as being of a different kind. It 
fhews, that terreftrial refraftion (though often m uch greater) m u ft, 
at particular times, be much left than is generally fuppofed. 

Oft. 7, 1787, at the ftation near Padlefworth, the depref- 
fon of the horizon of the fea, in a SW direction nearly, was 
obferved z6 / if'. A degree of a great circle in this direction 
is about 61000 fathoms, and therefore 61000 x 6 X 57.2957795 



of the Trigonometricdt Operation. 6 1 1 

5330970255 feet, will be the radius of curvature nearly. The 
height of the Ration above low-water fpring-tides (as deter¬ 
mined by alternate obfervations at this place and Dover Caftle) 

was642feet; hence= ,9999693861 the natural co¬ 
line of 26' 54" the dip ; therefore 26' $4." — 26'' 27" = 2f is 
what the horizon was elevated by refraction. The Hate of the 
fide however, is not taken into conlideration; but the time was 
about noon. 

The weather was calm and cloudy, and the horizon clear. 
Barometer 29.6. Thermometer 70°, at 1 P.M. 

The above obfervation was made with great care and attention. 

P. 249. in the 3. triangle, far 76807.5 put 76812.4. 

The operations alluded to in the note at the botttomof this 
page were, 

o 1 / s // 

Angles obferved at fRichmond Ob. and the Pagoda 13 10 13 
Spring-Grove < The Pagoda and St. Paul’s 23 17 15 
Houfe between lSt Paul’s and Harrow Spire 74 18 43 

i \ 

Angles taken on f Stretham Church and St. Paul’s 70 24 52 
Fulham Church! St. Paul’s and Hampftead Church 44 50 46 
between iHamp. Ch, and Hanger H. Tower 57 27 43 

In 1787, at Hanger Hill, the angle between Richmond Ob¬ 
servatory and the Pagoda was qbferved 12° 26' 42-. At the 
Hundred Acres, that between Hanger Hill and Batterfea 
Church 23 0 59' 44"; and that between Hanger Hill and Stret- 
ha'fn Church 42 0 f 57". The angle at St. Paul’s between 
Batterfea Church and the SW Pinnacle of Weftminfter Abbey 
is <f 45 / '- 6 * 

The refults from the obfervations made on Fulham Church 
cannot be confidered as very exaCt, becaufe Hanger Hill Tower 

4 K 2 itfelf 
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itfelf was the object, inftead of the FlagftafF placed on it in 

1787. 

P. 250. in the 10. triangle, j'or 39963/ztf 48964. 

In the 14. triangle, for 34413.6 put 34412.8. 

P. 251. in the 20. triangle, yor 39 0 17 / b".$ put 39 0 17' 

i6". 5 . 

In the 27. triangle, there is a tranfpofition of the 
two firft angles, that oppofite Fairlight fhould 
ftand oppofite Goudhurft. 

P, 252. in the 28. triangle, for 5384^^ 5385. 

In the 35. triangle, for 23081.4.put 23018.4. 

P. 254. in the 4. triangle, there is a tranfpofition of the 
difiances, 7198.2 fhould ftand oppofite Hornfey Hill. 

P. 255. in the 16. triangle, for 14390.2 and 6073.8 put 
14390.8 and 6074. 

P. 256. in the 22. triangle, for 8136.4 and 17641 put 
8136 and 17640.3. 

Neither of the angles of the 26, triangle was obferved, 
beeaufe St. Paul’s is not feen from Greenwich Obfervatory. 
The diftance of St. Paul’s from Greenwich Obfervatory is alfo 
omitted. This diftance is had from the VIII triangle, p. 173. 
and the 11. triangle, p. 250; from thefe we have, 

' o / // 

rNorwood 42 15 26,5'] hence Greenwich 

the angle __ Greenwich Ob. 82 41 1.1 > Ob. from St. Paul’s 

lSt. Paul’s 55 3 32.4J 25655^ feet. 

The angles were determined thus: 

o / // 

Severndroog Caftle 22 20 46-1 

Greenwich Obfervatory 134 16 31 1 °^ ervec ^ angles. 
hhnehoufe Church 33 22 43 

4 


Hence 
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Hence Greenwich Obfervatory from Limehoufe Church is 
13 99 9 feet. 

Taking the fum of 111° $6' $0" (in the VIII triangle, p. 
173.) 82° 41' i' y and 134 0 i6 / 31" from 360° there remains 
31 0 5'38'''' for the angle at Greenwich Obfervatory between 
Limehoufe Church and St. Paul’s; this, with the including 
fides 13999 and 25655 (negle&ing the fractions) will give 
121 0 i / 42" and 27 0 52' 40", the other two angles. 

P. 257. in the 31, triangle, for 6511 put 6925.4. 

P. 259. The bearing of Greenwich from the meridian of 
St. Paul’s, on which the other bearings in the Table depend, 
was found as follows : 

Angle at Greenwich Obfervatory between its o 

meridian and Norwood , 38 716 

between Norwood and St. Paul’s 82 41 i„i 

Hence the angle at Greenwich Obfervatory be¬ 
tween the north meridian and St. Paul’s . 59 xi 42.9s 

This laft angle, and its complement, with 25655! feet the 
diftance of Greenwich Obfervatory and St. Paul’s, give 13138.5 
for what St. Paul’s is north from Greenwich, and 22036 for 
what it is weft from the meridian. 

On M. Bouguer’s fpheroid 13138.5 feet anfwer to %' 9"A5 
on the meridian ; hence the latitude of the point on the meri¬ 
dian of Greenwich, where a great circle, palling through 
St. Paul’s, falls perpendicular on that meridian, will he 
51 0 30' 49"! : and taking 61251 fathoms for a degree perpen¬ 
dicular to the meridian (fee Tab. p. 227.) we have (22036 feet} 
3' 35 // ‘86 for the intercepted arc of that circle; this, and the 
complement of 51° 30'49"! (as the legs of a fpherical tri¬ 
angle) give 89 s 55' 29" for the angle at St. Paul’s, which, 
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added to 30° 48'iy''(the complement of 59 0 ji / 43") gives 
120 0 43' 46", for the bearing of Greenwich Obfervatory, as in 
the Table. 

P, 259. againft St. Luke’s, for 12 0 $7' 53^.7 put 12 0 37' 37". 
Againft Shoreditch Church, for 44 0 57' 39".8 and 
6746.4 put 44 0 54' 58".8 and 6743.2. 

Againft Severndroog Caftle, for 115 0 28' 50''.4. pul 

11 5° 2 S' 5 q // * 4 ' 

Againft Eltham Church, for 123° 46' 4 // .2 put 
12 3 0 46' 4 // . 

P. 260. againft Stretham Chprcb, for 31793*5 put 31739-5* 
Againft Clapham Common, for 26° 29'' 56'Ai put 
z 6 0 29 / 52". 

Againft St. Bride’s Church, 1771.7 put 1687.6. 
Againft St. George’s Bloornlbury, ybr 103° 15' ao'Tfi 
^ 103° 15' 30". 

Againft the Tabernacle, for 107° 20' 47" put 107® 
r 9 47 • 

Againft Highbury Houfe, for 178° 43' T i ,/ .6 put 
178° 43' i4 // .6. 

In Plate X. fig. 2. p is omitted at the concourfe ©f the me* 
ridians eb, na. Alio a line ffom A to T in fig. 3. ib. for F 
put R. 

Plate X{. Eltharn Church is laid do\yn top near the meridian 
of St. Paul’s ; and St. Bride’s Chprch, Fleet-Street,- Ihould 
ftand on the north fide of the weft line. There are a few other 
corrections neceffary on account of the errors in Tab, p. 259, 
260. 



pi.i. For the Account of the measurement of the base of Vi 





























































of VERIFICAErON 111 ROMNEY MARSH with the St EEL CHAIN, tn 


rangement of the Polls for each Space of 100 Yards, or Length of 3 Chains . 


Elevation of the Coffering for each Chain. 
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Flan of the Coffering for each Chain 


mMjnavm 








Apparatus for tlie Extremities of .the Chain; Scaled. j?\art of the real dtniens 


A Single jPqft \ 



! with its Ferrule. 



Scale of Indies Jbr the Plan & Section. 


to 2 g 3 4 6 6 7 8 9 zg 71 


Rear-End. 



General Section of theBafe 





























W, cn' the ,A/itarnn of ij8j. 
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Fkilos. Tram. Vol, LXXX Tab.Vl.p 














































































General View of the Instrument. 





































































































Section of the Instrument at right 
angles to the former, where the? Uppo 
Telescope, with the Level for fLltittides 
attached to it are nevertheless re 
sented in -Elevation. 
























































































































































































Section through one of the Feet-Sc 
to hereby the Instrument is levelled\ 
the three Mahogany Planes that a. 


Inches for parts represented in their 
real dimensions. 
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ying likewise one of frhe 
aae-wood, and one f frhe 
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I Tr axifit Room, over which a temporary^ 
\Scaffbld wasjrlacedfor the InstrumentJ 

2 . Qua dr ant-Room . 

3. Afsistants-Room . 

4. Tele sc ope-Room . 

5 . Platform, over the Octagon-Room. 

6 . Eaft Equatorial. 
j . Well E quatorial . 

8 . WiuA Vane Turret . 
p. C amera Turret. 

10. Library. 

11. Apartments, in the Dwelling Rouse. 

12 . Kitchin. 

13. Out Houses . 
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Pl, IX. 
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for the figure of the earthfole-star observation, 
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tseral Table c f the Mcafurement ot the Hasp, of Verification in Rodney Marsh, executed in the Autumn of 1787, whereby the apparent Length is found 

to be 95 i2 T y~W Yards* and the true* or corrected Length in the Temperature of 6a^ aSjJz T V; F«t. 


Trni|jrf: 




CbirtAin 
fof Ihfl 
JirfcrTi;«f>- 


■t€rnptr*Ldri, 


Y^rik. 


In, Parts. 
0-58827 
0.52 LBg, 
o.&i *02 
oull6t 
o- 4 gii 3 

0.45093 

0,73103 

0. 4 C)rI S 

Oi 565?4 
*■4349 1 
o-,17j40 
o JO444 
0,4 j 340 
0-345^4 

0-3494? 


0,51000 

0142804 

0.33*79 

0.37540 

*■ 44^35 
<M53« 
0.4761 1 
0.5081-6 ( 

O.51&4? 

o.>jia3 
*- 59 a 3 & 
455 S' 
a -4®»i3 

0.61345 

Ojolllt 

0-5379' 

0.65098 

0.52876 

0.67068 


0.07554' 

0.0571* 


0.469-24] 


O.01747 




54-7 

- 7-3 

63.7 

+ 0.7 

61.3 

- 0.7 

57 -° 

- S'® 

52.* 

“ 9 -S 


— 8.4 

, 

4 (> - 8 

-lj-S 


- J.t 

53-9 

— ti. 1 

1 55-3 

- 6.7 

55-7 

- 6,3 

50,0 

^140 

55 - 1 

— 

59,1 

601O 

“ i -91 

- a.fij 

. 59 - 1 

- a -9 

* 3 -> 

+ ® ■ F 

6u 

+ 4^1 

57-9 

60.S 

— 4. c 

— ia 
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Tasle containing the Geseial Hiesults of the TiiGONOMErRiC-iL 0?tRATinjf, 


ByPhnaT r igono ujcrr y< 


Vcirical IkigliU, 


nefE m 




Beartfig $r 
Angk with cjic 
Meridian. 


Latitude. 


Train tli? Mend, 
of Greenwich. 


pwn^ich R. Oh. Tr-anfit R,Mm 
NfrrWftfid - - * 

Acres - * 

Hinder Hill "rower 
Himpcciii Po&r-hoiifc 
Kiftjg’fl Arbour - * 

Si, Ann N s Hi 31 

Wardrobe lower of Wtndfor Caftlc 


* 93 t »- 5 + 
4333 3-9 
67740169 
1b 

102164.51; 
3 19404.04 
3 37 °o *-54 


fccim | 

OreCf**ic!i i 


Potter Hill 

Severndroocr Caftle on Shooter's Hill 
F rant +■ *■ 

Wrattum EIjJJ - 

Gnudburft - ^ - 

Fai rl'isLit Dfctfn * - * 

Hollinsborri Hill 

Tcrtterckrt — - 

Rddititt - 

LydU 

Ai^ivigton Kn*lt 
Hig.ll Nook near Dymchurdi 
FMkfr&rth - 

Springfield - - 

f Pufnpikt ^ 

]>.^tr Csft[t + north Turret o-f itic Keep 

Momlamhert near E&iilcigiio 
fllirLtiirt - ir 

N* l>. ac Calais 

Point M near E>uEikLrk 9 Mfcjd. R. Oh- Paris 

Dutikilfc - - - 


IJ 1 S 93 . 

acShnA 

77077.6 

1 ^ 410-5 

I 44 ^ 3 a -J 

16567-2,9 

130836,4 

] E &7 IQ-tJi 

137 * 14 -* 

473 + 53.3 

1 gl "Sl’i 
18*463-3 
154938-1 


1^9604.1 

117109.7 


i;B|I7.6 
J.04S01.6 

40 93 S 9-3 

219926.3 

223246.4 

261797.6 

273722.7 
274^67.2 
302766.$ 

jslae^.6 

394391.7 


Eiil lirom 

jretrwcb 


1 J* 54 [ J. \ 


9 [-24.37.311 

0. 5, 1.4 

51.29.17,3 1 

0 -I 1 -T 9-5 

Clrjlr 34 .’l tl " 

0 -17+6 s 

51,25.35,1 

0 -a t, 4 S -3 

^T.aS 47.16 

0-16.48-5 


0 - 3 T. ] 4 -? 

; £.28.59.7 

0,35-558 
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[To follow the Table oF Genrhal Results, page 231 


For correcting the TABLE in the P a i? s a, of 1787. 



'Greenwich Rl- Oh, 
Perpignan 
Gr«nttkh ?.n,J M 
1 Poirtf M rwflr Piankirli 

Point M and Paris - 1 
P^isRKUb, 

Perpignan 
Piri* and 
Bourse* * 

Perpignan 
Boutget acid Rodrt 
K*di* - * 

Pfifpi^nan 


-HO 


- 

- 

- * 4 1 

+ *9 I 

- Si J 


33365*-4 
aja^ 

506418.4 —■268.6 
j 33416 . j + 7.5 

373001.9 — 276-1: 


106330.4] — 61.6 
“i' 4 -S 
* jij 
- 161 . 


373179 - 
106569. 
2666 to. 
163990* 

ioc620. 


53373 + 

i/iia, 

50651a. 

■ 3 ^ 354 * 
373l68- 

ic 6549 - 

i 656 [lj 

165986. 

100633. 


Computed Ttrrdtrial Arc of the Meridian between Citettwkli ^nd Perpignan. 


on a Sphere. 


twi different EHipfoids. 


on different Spheroids* 


jtffiidU-Yi. 


34S6975. 


i(iK + s.i; 


llil.SvD. [231.55 t&hd 31 . S. 15 . 

1111,55 ' 


F*tV 

26891 

t E 

106696 

16635a 

[00526 


Path 1 

17000 

j 34199 

to jO 24 

166753 

100704 


4 103 

+ 541 

+ 377 

+ 6j8 

+ ^56 


Fath" 

16995 

■ 3 + 47 + 

107006 

166717 

100689 


+ 55 

+ 3 T S 

4* 30 ° 

+ 401 
+ I [9 


Fatii* 

16946 

134041 

io 68 ji 

I 1W474 

100548 


+ 43 
+ 384 
4 * 184 

+ 359 

+100 


Ficfa 1 

16893 

1 3375 s 
H16585 
166063 
1 OO 2 S 7 


- 5 

O 

* 62 

- 6a 

- 161 


Firth* 

16865 

1 33739 
106604 
166144 
100364 


Path 

2687a 

> 33^93 

106584 

■66)40 

■<»377 


“ S 
+ 1+ 
— 21 
+ 41 

-9O 


+ 4 tO 


53 il 5 * 


+ ■91* 


+ iBaj 


+1090 


34860 


+ 994 


16. p.7 
i. n. 55,5 
1. 45+ 11.4 


534343 - 

* 7 a 3 S- 

507108. 

« 33 J 6 7 . 

373641. 

106658. 

266983. 


+1S r 9. 
+ 58+ 
+ iaji 

+ 377 j 
+ 89 +] 
+ 638 
+ 156' 


+ 1734 * 

+ 

+ iaii 

+ 359 
+ 851 
+ 611 

+ 341 


+ 934 

+ 39 * 

+ 643 
+ *8 4 ( = 
+459 | + 
+359 

+ COO 



■^1 


fi 

+ S 2 I. 

+ 

+ 5 ® 

r 

+ 3*3 | 

1 

+ 4 * 

■ 1 

+ 3'7 

hi 

9 

+ i 39 

U 

■ cf 

+ 7 ® 

1 ^ 
■S 


55584®. 

17342- 

508506, 

' 33957 - 
3745 * 9 - 
106989, 
267560, 
166599. 
100961. 


53 S 75 *’ 
“ 7337 - 
50841 r. 

T 3393 z - 

37*489. 

106971, 
267518, 
16657 a, 
100946, 


534909 . 

2718®. 

507621. 
i 337 ». 
3739 * <■ 

106 7 96, 
267135. 
166320. 
100805. 


6.06 in 

506 


7 
33 
49 
137 

‘ 7 ® 


+ 97 
+ 5 ** 
+359 

+612 

+ 241 


F«h* 

26953 

34073 

0684.7 

166516 

00567 


Fatin' 

16S93 

' 337 s * 

106625 

166(56 

i«> 35 ® 


+ 4 ® 
+ 1S9 
+ 184 
+374 
+ 99 


- 43 
+ 29 
— 84 


534841 I +973 


-52 


jJei-Ytd (Jelcitial Arc of the Merid ian between G raenwich iiiv! V1 (- n f ■ 

Perpignan. Tercel 

-——- -—’^■ Arc, 

I n: n L lf-r_ 


Difference*. 


i f 

| Greenwich Rf h Ob- - s.B, 4Q, 

J 1 Ta# tT of 1 )iaisk i rk * 

(Tuwer gf CJiinkirk - Cl* 3« g- 

3 PtmRLOb- - - 

Parit hi, Ob- - * jQ- 14* 

^ j Tower of Bourjes - , 

' Towif of iiotii ees - 4^ c, a P l 

* IN. IX at Roto 

N. D. ar k&dei (44. ai T 2, 

* - St Jjuqi« aL Ptfp]gniti 41. 5&, 


GrcrnwLcb& ^rpljjniin 


The incafuTcd Arc between Paris and Dnnkiark 53 takei a Mon between 1255a and 1^5495 Toif« s *?r and 133^46 F“(honi, Set Sefl-, VL Art. xii, 

Dimtirlt> Rod “* W(lP«I^Mrt p arc deduced from the CeJelliaJ An* £LV«n bf WU Dfi H CAJ1.LI, in pig, 240, a+i, Mist, dr t Afad. 1758, and making the fiwper Reductions for the Di (lances of the Station* of die Seaor it each PJace T as E l T cn in the 
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Table containing the Result* of the Observations for the Effect of T£K*&iTRiAL Refraction* 


J' lfti of Ihe 
Obfl-'rvitiftnjf 





llV^il <jf tilt 


CoraiM- 

Mta n 

Rcfrifti^n., . 

9 ■ 

F|uh. 

B.r. | 

Therm. 

Station*., 

J ihe eta t\\ ?eer 

ed Arc 

n^ilv 

ijSj, Oft- ai. 

a 3 ' ’ 

A!|icifr(i>it Jtn&II 

K ui ti ttgc 

— In. 
2.91.6 c 

llJrSl 

a- 

&. 

5*4 

| Atlington Kuolt nnd Rucking — — | 

A* 

K- 

F 9 - | 

r i ? 

1675.+ 

^ -y 

2 S 38 

* W 

■ 3 

\ IDd ^ 


DymdiQreh hm 

* 9-9 

Sii 

Hfcli Nook 2nd Lydd — — [ 

H. 

L. 

4 J«o 1 

^•4 J 

J227-1 

5 8 

* 5 S 

‘ snd^ 

it. 

J 9 

AILin^tan KahrtIL 
TVmclkareh Inn * 

SQ.ftl 

2 9‘9 

& 

| Allington K.ikO- 1 ] nnd Higll Nook — 

! A. 

H. 

319 . ' 

27.6 

3 $ 64 . | 

3 4 ^ 

0 38 

£ 

3 [1 

26, 

AJlirigton Knoll 
TcrucTdcn Inn 

2Q.6l 

1 2 9 -S 4 

% 

| Allin^on Krto]] and 1 Ttnicrdtti — —- 

A. 

T. 

329. 1 

3«-3 


10 5 

1 a 3 l 

I flnd J - 

)■ 

rkdlcrwortti 

*g,6 

7 o 

PaiilcfiVottLi and Lydd — _ 

Px 

L. 

P. 

n. 


a 3 1 S 5 "S 

13 2 

1 31 

i 1 

t 7 lS 3 T Aug. 18, 

Et, 

Ftsfit fan 

Boiky Hill - - 

mi 

S 9 

6i| 

J Frant aa^J Rotley Hill -— — — 

se i 

i 5 c6o. 7 

1+ 48 

■3 I 

■ 

[|Jjj gepl. 10 r 

0£t+ 7. 

Uover C-dlte 

Padlcfiflf&rth. » - 

3 q.£ii 
3 9 6 

5*1 

70 

| Dover Ca^Je and Padle CW^rth — 

D, 

P, 

4 * 9 - j 

i 64^. 

7093-5 

& 57 

* 42 

■ 

TIT 

4 

l6. 

Furlight Down 
Temerden Inn 

l 6,3 i 

* 9-54 

$ 

J Fairlig.hl Down and Tenlerden *— 

F* 

T. 

559 . ' 

321.3 

1(959,1 

11 46 

1 

tV 

s6i 

Tenwrdenlnm 

* 9 S+ 


TfisCcrekn and Ly<id *— * ■*- ■ 


Jia.J ■ 
Jjo .4 

11*17.8 

]G 30 

0 55 l 

p"i TI 

ij&S. Aug. 11. 

18. 

Goudhuift Cbarclipid 
|Krtni tan - - 

Fairlight Down 

35.74 
15-. 36 

rfi 

| Gwdh grll and Fnnl — 

1 

ETTMn 

eWj 

739 b -3 

7 1 S 

0 3 s i 

TV atld Vi 

1787, Oft. 13. 

2 8 - 3 j 

ssl 

Fahrtiglsx Down and LydA — ■ 


i 99 - 1 

t ^.i f 

11948.3 

11 45 

0 j; 

T 

IT 

^Rg, Aug. n. 
17(7, 0£. 16. 

IT. 

GouJhurii Omicliyttd 
Tenierden Inn 

*974 

29-54 

29-61 

s 8 i 
, 5*4 

5 * 

} Goudltucfl and, TcnMfdffn — — 

| 

gKflBSI 

SHI 

Ec^B 

■ it ..fin 

9062.4 

8 53 

0 35 

" Tt 

AlELiigCtjn. Knoll 

Aldington Knoll and LydcE — — j 

H 

J 975 ’ 

7 51 

0 21 

A 

Sept. 18. 
[j8S f Stpr. *► 

Dower Caftle - * 

Fojkftonc Turnpike 

£9.62 

=955 

5*4 

64 

j l?i>ver Caftle an d FoLkftone Turnpike j 

D, 

F. 

465. j 
575 3 t 

5 *S 9 .i 

5 fr 4 

* 12.9 

p 

if 

! 

Results of Single Observations depending on the Heights of Dover Caflle and Folkftone Turnpike, combined with t!iofc on the] 





Coaft of France. 
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fi 4 
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